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PROCEEDINGS OF THE THIRTY-NINTH ANNUAL MEETING 
OF THE NORTH CAROLINA ACADEMY OF SCIENCE 


Davipson COLLEGE, Davipson, NorTH CAROLINA 


The thirty-ninth annual meeting of the North Carolina Academy of 
Science was held at Davidson College, May 3 and 4, 1940..- 

The first general session was called to order by President H. L. Blom- 
quist at 9:30. The presentation of papers began at once and continued 


until 12:50 when the Academy adjourned for lunch. The reading of 
papers was resumed at 2:15 and continued until 4:30. After a short 
recess the Academy assembled in the business meeting. 

The business meeting was called to order by President Blomquist. 
The report of the Executive Committee was first considered. The Com- 
mittee reported the following actions which appeared to be within its 
province. 


Report OF THE Executive CommitTTEE: The following business was 
transacted by correspondence: 

(1) The executive committee voted to accept the proffered help of 
the American Institute of New York City in stimulating the organiza- 
tion and activities of Science Clubs in the high schools of the state. 

(2) The Executive Committee set the date for the annual meeting 
as May 3 and 4, 1940, and set April 27 for its annual meeting to consider 
Academy matters. 

(3) Due to the fact that these sections held no election at the last 
meeting, the Committee elected the following as officers of their respec- 
tive sections: Botany, Dr. Albert F. Thiel, Chairman, Dr. H. R. Totten, 
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Secretary; Psychology, Dr. J. F. Dashiell, Secretary; Geology, Dr. 
Willard Berry, Secretary. 

(4) Upon action of the Executive Committee favoring early appoint- 
ment of committees to report at the 1940 meeting, President Blomquist 
appointed the following committees: Nominating committee: Z. P. 
Metcalf, W. F. Prouty, W. E. Speas; Resolution committee: H. R. 
Totten, A. F. Thiel, G. H. Satterfield; Auditing committee: W. L. 
Porter, J. P. Givler, P. M. Ginnings; Memorial committee for Dr. A. A. 
Dixon: C. W. Edwards, Charles Heck, W. E. Speas. 

(5) The Executive committee authorized the Secretary to have com- 
mittee reports mimeographed for distribution at the annual meeting. 

Item 5 called forth some discussion, and the Executive Committee 
was requested to consider the printing of these reports in the future 
along with the program. 

The Annual Meeting of the Executive Committee was held in Dur- 
ham, April 27. All members were present. The Committee reports 
the following actions: 

(1) The Committee has elected 100 to membership in the Academy. 
The list follows. 


Abernathy, Dr. Ethel Mary, Queens College, Charlotte, N. C. 

Arundel, Edna, W. C. U. N. C., Greensboro, N. C. 

Barrett, Harvey P. (Dr.), 2021 Vail Avenue, Charlotte, N. C. 

Begni, Mrs. Edith LeClarcq, Cataloochee Ranch, Waynesville, N. C. 

Boas, Dr. Ralph Philip, Jr., Physics Building, Duke University, Durham, 
N. C. 

Boche, Dr. Robert D., Department of Zoology, Univ. of Pa., Philadelphia, 
Pa. 

Botany Club, Woman’s College U. N. C., Greensboro, N. C. 

Bronson, Mr. Charles H., Tennessee Copper Co., Copperhill, Tennessee 

Brown, Mr. Elmer Evans, Box 486, Davidson, North Carolina 

Brown, Mr. Walter V., Botany Department, Duke University, Durham, N. C. 

Brownell, Dr. William A., Box 732, College Station, Durham, N. C. 

Bruner, Dr. Harry Davis, University of N. C., Chapel Hill, N. C. 

Burgess, Miss Mary Blandford, 306 Spencer, Chapel Hill, N. C. 

Burns, Dr. Zed Houston, Box 25, Boone, North Carolina 

Busteed, Dr. Robert C., Box 335, Boone, N. C. ° 

Carroll, Dr. Robert S., Highland Hospital, Asheville, N. C. 

Caveness, Mr. Hugh Lynn, 2607 Vanderbilt Ave., Raleigh, N. C. 

Clair, Mr. Joseph R., Box 1004, Chapel Hill, North Carolina 

Crawford, Mr. George W., Morganton High School, Morganton, N. C. 

Crickmay, Dr. Geoffrey William, University of Georgia, Athens, Ga. 

Crispell, Dr. Raymond S., Duke Hospital, Durham, N. C. 

Culbreth, Dr. Sarah E., Zoology Department, Duke University, Durham, 
N. C. 
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Cummings, Dr. Edmond Olin, High Point College, High Point, N. C. 

Dann, Dr. W. J., Duke Medical School, Durham, N. C. 

DeBeck, Mr. Hubert O., Box 12, Burnsville, N. C. 

DeTurk, Dr. William Ernest, Department of Zoology, Duke University, Dur- 
ham, N. C. 

Dodson, Prof. C. F., Western Carolina Teachers College, Cullowhee, N. C. 

Dosier, Mr. John P., 7 Hickory Terrace, W. Asheville, N.C. 

Emory, Dr. Samuel Thomas, Chapel Hill, N. C. 

Erickson, Dr. Franklin Carl, 121-A Mallette Street, Chapel Hill, N. C. 

Experimenters Club, Millbrook High School, Route 1, Raleigh, N. C. 

Finster, Miss Ethel B., Box 5015, Biltmore Station, Asheville, N. C. 

Flanders, Mr. Clifford Auten, Box 5247, State College, Raleigh, N. C. 

Furcron, Dr. Aurelius Sidney, 425 State Capitol, Atlanta, Georgia 

Gardner, Mr. Lytt Irvine, Dept. of Zoology, Harvard Univ., Cambridge, 
Mass. 

Gilchrist, Mr. C. W., Box 948, Charlotte, N. C. 

Godbey, Dr. Allen H., 709 Yancey Street, Durham, N. C. 

Graves, Dr. Robert W., Duke Hospital, Durham, N. C. 

Graeber, Mr. Robert Walter, 303 Hillcrest Road, Raleigh, N. C. 

Greaves, Mr. Richard E., Poultry Department, State College, Raleigh, N. C. 

Greaves-Walker, Dr. Arthur F., 305 Forest Road, Raleigh, N. C. 

Grimshaw, Prof. Albert H., State College, Raleigh, N. C. ; 

Hadley, Mr. Elbert Hamilton, Chemistry Dept., Duke University, Durham, 
N. C. 

Harris, Mr. Clarence L., 1401 E. Trinity Avenue, Durham, N. C. 

Hood, Dr. Frazer, Davidson, N. C. 

Higgins, Prof. Charles H., Box 175, Salem Station, Winston-Salem, N. C. 

Humphreys, Miss Mary Emily, Botany Department, Duke University, Dur- 
ham, N. C. 

Jeffers, Dr. Katharine F., College Station, Durham, N. C. 

Jensen, Mr. Ove F., Box 88, Chapel Hill, N. C. 

John Burroughs Science Club, Needham Broughton High School, Raleigh, 
N. C. 

Jordan, Dr. Arthur M., 401 Pittsboro Street, Chapel Hill, N. C. 

Kime, Mr. Paul H., State College, Raleigh, N. C. 

Kern, Mr. Donald W., Box 144, Pikeville, N. C. 

Knight, Dr. Samuel B., Davidson, N. C. 

Krause, Mr. James B., Department of Zoology, Duke University, Durham, 
N. C. 

Lindsley, Dr. Charles Halsey, Black Mountain College, Black Mountain, 
N. C. 

Lundholm, Dr. O. Helge, Duke University, Durham, N. C. 

Lyon, Dr. Scott Cary, Box 491, Davidson, N. C. 

McEwen, Prof. Noble Ralph, Box 31, Salem Station, Winston-Salem, N. C. 

McGavock, Dr. William Gillespie, Davidson, N. C. 

McGehee, Dr. William, Department of Psychology, State College, Raleigh, 
N. C. 

MeMenamin, Mr. Joseph P., State College, Raleigh, N. C. 
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MacDonald, Mr. Henry J., High School, New Bern, N. C. 

Marsh, Mr. S. P., Box 484, Newton, N. C. 

Martin, Dr. William F., 604-611 Professional Bldg., Charlotte, N. C. 

Martin, Dr. William W., 204 Tate Street, Greensboro, N. C. 

Mattson, Mr. Vernon L., Box 278, Burnsville, N.C. 

Miller, Dr. W. D., State College, Raleigh, N. C. 

Nature Study Club, Durham High School, Durham, N. C. 

Olive, Mr. Lindsay Shepherd, Botany Dept., Chapel Hill, N. C. 

Palmer, Mr. Roy A., Duke Power Company, Charlotte, N. C. 

Perlzweig, Dr. William A., Box 3711, Duke Hospital, Durham, N. C. 

Pethick, Miss Mary Grace, 1021 Minerva Avenue, Durham, N. C. 

Quay, Mr. Thomas L., Department of Zoology, State College, Raleigh, N. C. 

Raynal, Dr. Charles E., The Manse, Statesville, N. C. 

Reiser, Dr. Raymond, Polk Hall, State College, Raleigh, N. C. 

Richmond, Mrs. Joseph C., State College, Raleigh, N. C. 

Rigney, Prof. Jackson A., State College, Raleigh, N. C. 

Rosenau, Dr. Milton J., Division of Public Health, U. N. C., Chapel Hill, 
mB. ©, 

Russell, Mr. Harold L., 38 Woodward Avenue, Asheville, N. C. 

Science Club, Seventy-First High School, Route 3, Fayetteville, N. C. 

Scovill, Miss Mary S., State Bd. Charities and Public Welfare, Raleigh, N. C. 

Shepard, Dr. Frederick C., Guilford College, Guilford, N. C. 

Smith, Dr. B. W., Agronomy Department, State College, Raleigh, N. C. 

Smith, Dr. Wiley F., Boone, N. C. 

Sprague, Dr. Austin Dever, Elon College, N. C. 

Tucker, Dr. Gordon H., Department of Zoology, Duke University, Durham, 
N. C. 

Ullman, Dr. Roy Roland, 200 12th Avenue, Hickory, N. C. 

Vernon, Dr. James W., Broadoaks Sanatorium, Morganton, N. C. 

Walton, Dr. Seth T., Charlotte, N. C. 

Weaver, Mr. James Gray, State College, Raleigh, N. C. 

Weil, Mr. Lionel, 611 Parkbor, Goldsboro, N. C. 

Welch, Mr. W. J., Box 53, Chapel Hill, N. C. 

Wilburn, Miss H. Irene, Parker High School, Greenville, 8. C. 

Williams, Prof. Maude F., W. C. U. N. C., Greensboro, N. C. 

Wolf, Dr. Frederick T., Department of Biology, Vanderbilt University, 
Nashville, Tenn. 

Wood, Mr. John Wesley, 1200 Markham, Durham, N. C. 

Young, Dr. Elizabeth Barber, Greensboro College, Greensboro, N. C. 

Young, Mr. Jerome Louis, Box 4758, Duke University, Durham, N. C. 


Reinstated: 


Cleaver, Mrs. W. G. (Mary Conrad), Salisbury, N. C. 

Clevenger, Prof. William L., State College, Raleigh, N. C. 

Gergen, Prof. J. J., Box 4771, Duke Station, Durham, N. C. 

Reid, W. A., 2019 University Avenue, Madison, Wisconsin 

Wharton, Dr. George, Dept. of Zoology, Duke University, Durham, N. C. 
Willis, Prof. L. G., State College, Raleigh, N. C. 
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In order to clarify the records, the Secretary was instructed to include 
in the minutes of this meeting a complete list of life members. The 
following is made up from the published minutes: 


(d)* F. P. Venable May 1930 EMJ 46 (1) 3 
C. S. Brimley May 1932 EMJ 48 (1) 4 
H. H. Brimley May 1932 EMJ 48 (1) 4 
(d) W. L. Poteat May 1932 EMJ 48 (1) 4 
F. Sherman, Jr. May 1932 EMJ 48 (1) 4 
(d) H. V. Wilson May 1932 EMJ 48 (1) 4 
C. W. Stiles May 1932 EMJ 48 (1) 4 
J. L. Lake May 1933 EMJ 49 (1) 4 
(d) Collier Cobb May 1934 EMJ 50 (1) 23 
E. W. Gudger May 1935 EMJ 51 (2) 195 
R. N. Wilson May 1935 EMJ 51 (2) 195 
J. S. Holmes May 1936 EMJ 52 (2) 137 
I. H. Manning May 1936 EMJ 52 (2) 137 
C. W. Edwards May 1937 EMJ 53 (2) 209 
(d) A. S. Wheeler May 1937 EMJ 53 (2) 209 
H. B. Arbuckle May 1938 
W. C. Coker May 1938 


(d)* deceased. 


(2) The Committee appropriated $50 for the preparation of lantern 
slides to be used in the High School Lantern Slide Loan Service. 

(3) The Committee, in response to an invitation from the Ohio 
Academy of Science, authorized the appointment of Dr. E. Mack as 
a delegate from our Academy to the 50th Anniversary Celebration. 

(4) In response to the request from the Department of State, Dr. A. 
S. Pearse was appointed as a delegate from the Academy to the Eighth 
American Scientific Congress. 

(5) Three titles were added to the program and one title transferred 
from the general section to the American Chemical Society program. 

(6) The Committee authorized the Treasurer to (a) accept any funds 
offered the Academy for research, (b) accept such loans of apparatus 
as will advance the educational value of the Academy. All research 
funds are to be disbursed upon the recommendation of the Research 
Grants Committee. 

(7) The Committee authorized the Treasurer to make a preliminary 
report of the finances at the annual meeting. A final, full report, to 
be audited and published in the Proceedings, must be submitted to 
the auditors before July 1 following the meeting. 

(8) The Committee authorized the purchase of 50 reprints of the 
Proceedings. 
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(9) The Committee, upon invitation from the University of North 
Carolina, selected Chapel Hill as the meeting place for 1941. 

The Committee met again at lunch on May 3. The Secretary was 
instructed to request the North Carolina Section of the A. C. S. to 
increase its payment for programs from $5 to $7.50 with the under- 
standing that the Academy would mail programs to the members of 
the chemical section who are not members of the Academy. Several 
papers were added to the Physics Section. A number of new mem- 
bers were added to the roll. These are included in the report above. 

The Committee submits the following recommendations: 

(1) That a standing Committee on Necrology be authorized. Passed. 

(2) That the Committee on the A. A. A. 8S. Grant be designated as 
the Research Grants Committee with power to solicit and disburse 
other research funds. Passed. 

(3) That the following amendment to the Constitution be adopted: 
Add to Article 2, Section 1: A person who has been a member of the 
Academy for thirty years may upon nomination by the Executive 
Committee be elected by the Academy to Life Membership. Such 
election relieves the member from further payment of dues, but does 
not invalidate his right to vote or hold office. Passed. 

(4) That in case any officer elected by a section is not a member of 
the Academy, the office shall be declared vacant. Passed. 

(5) That the Secretaries of Sections be elected for a period of three 
years. Passed. 

(6) That the High School Science Committee be authorized to pro- 
ceed with its activities in the organization of clubs and fairs, the project 
award, the loaning of slides. That the High School Committee be 
authorized to provide some form of membership certificate for the 
affiliated clubs, and consider the advisability of supplying other pub- 
lications in place of the Mitchell Journal to affiliated clubs. That the 
project award for the current year be $20 in cash to be presented during 
the business meeting. Passed. 

(7) That the payment of all bills submitted by the Treasurer for 
the current year shall, upon the approval of the President, be authorized. 
Passed. 


REPORT OF THE APPRAISAL COMMITTEE. The Appraisal Committee 
has received no requests for appraisal and so has made none during the 
past year. P. M. Ginnings, chairman. 

The report was adopted. 
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REPORT OF COMMITTEE ON CONSERVATION. Your committee regrets 
to report that its efforts last spring to save the Richardson Woods near 
Highlands from exploitation failed, the United States Forest Service 
being unable to purchase it through lack of sufficient appropriation. 
Last summer the visitor to Highlands could hardly fail to meet truck 
loads of logs going to the mill from this property. Such timber can 
never be replaced. However, the “Primeval Forest,’’ owned by the 
Ravenel family, is still uncut and will no doubt remain so while in the 
hands of the present owner. It should by all means be publicly acquired 
if and when there should be any risk of its being lumbered and its scien- 
tific, scenic, and educational value destroyed. 

Black Mountain Natural Area. Reference is made to the Black 
Mountain Natural Area described in our last year’s report. A devas- 
tating fire occurring last fall on the east slope of the Black Mountains 
was at first reported to have been on this area. Fortunately it turned 
out to have been on White Oak Creek, a small watershed some two 
miles to the north of Middle Creek. The warden on Mount Mitchell 
State Park reported “about twenty acres burned over and I should 
think it did a good deal of damage as it was in a windfall near the spruce 
belt and these places are covered with small spruce and balsam.” 
(Photographs of the Black Mountain Natural Area are exhibited.) 

The Venus Fly Trap. A matter which may or may not be of great 
scientific and popular interest was brought to the attention of two mem- 
bers of your committee by the president of the Torrey Botanical Club 
who is connected with the Brooklyn Botanical Garden. It seems that 
a certain resident of eastern North Carolina suggested to the Torrey 
Botanical Club that it offer as an inducement for membership these 
plants, to be supplied by the said resident of North Carolina. This 
has resulted in a rather voluminous correspondence on the abundance 
of the Dionaea and the advisability of conserving it. 

This commercially-minded North Carolinian justifies his nation-wide 
sales program in a long and interesting letter dated January 3, 1940. 
He says, in part: 

“In the years that have passed I have shipped literally thousands of 
plants. Among those to whom I have sent plants at their request are 
some of the largest universities, museums and colleges in the United 
States. To the Arnold Arboretum went one of my first shipments, and 
this past fall most of the larger colleges ordered from me. 

My shipments have been made to the West Coast, the Pacific North- 
west, and, in fact, to almost every state in the Union. Such shipments 
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have complied with all state and federal laws, and the State of North 
Carolina furnishes me with tags of inspection. And, incidentally, all 
of the plants shipped have come from one small area near Wilmington, 
on property owned by members of my family.” 

He goes on to say that last September he circularized a membership 
list of a national society and sold around fifty-six dozen plants. He 
ships only in dozen lots. All of the plants come from a plot of land 
about 100 yards square. “I saved several thousand seed of the Dionaea 
this past summer and almost all of them were sent gratis to those who 
ordered the plants.” 

Dr. Arthur Harmount Graves of the Brooklyn Botanic Garden says: 
“T am much concerned about the whole situation and have brought up 
the matter before the Botanical Club, the members of which feel that 
it would be a great mistake to eradicate this marvelous plant.’”’ Dr. H. 
N. Moldenke of the New York Botanical Garden says: “Our club is 
interested in conserving plants, not destroying them. The suggestion 
he makes in one paragraph that he should distribute the plants in a 
membership campaign is breath-taking! Imagine the Torrey Club, 
devoted to the conservation of wildlife, running a membership campaign 
with Venus’ Fly Trap plants as the inducement for joining!” 

Dr. P. L. Ricker, President of the Wildflower Preservation Society, 
Inc., suggested the acquisition of an area by the State or by some society 
where this unique plant could be permanently protected and two areas 
of publicly-owned land were suggested as already probably available 
for this purpose, the Moore’s Creek Battleground and the Holly Shelter 
State Game Refuge. As it is not known how abundant the Venus 
Fly Trap is on these areas or on any other particular area, voluntary 
surveys of the region during the coming summer have been proposed 
and Dr. Ricker feels that his organization might be able to assist in 
such a survey. Our own expert on ecology, Dr. B. W. Wells, has also 
intimated that he might be able to help. 

On the other hand, Dr. W. C. Coker states that “Mr. Montgomery 
is right in his general statements, as there are undoubtedly many mil- 
lions of the plants growing in the eastern section, but for several years 
I have been hoping that the State or the United States Government 
could secure an ample area in one of the best locations to secure the 
preservation of the plant. I feel that the greatest danger is not from 
collectors but from the destruction of its habitats by so-called modern 
developments, either drainage or clearing, or by repeated fires. I do 
think, however, that it is a pity that in the Wilmington neighborhood 
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the plant is being so extensively dug. The extension of the city itself, 
with golf clubs, parks, and bulb farms, has destroyed some of the best 
locations. It is painful to me to see the number of plants destroyed by 
the Chamber of Commerce, which for some time, perhaps still does, kept 
a large display in its windows, throwing them away and renewing them 
every little while. I have had a good deal of correspondence in regard 
to setting aside an area to be conserved and something may come of this 
before too long. 

The plant is very easily cultivated, as Mr. Montgomery says. The 
finest head of flowers I ever saw we raised right here in our greenhouse, 
and hundreds of seedlings sprouted from seeds that fell in the jar. 
It seems to me to be quite possible to cultivate this plant for commercial 
purposes. Two acres properly prepared and planted, as one would 
any other crop, should, it seems, furnish all the plants that would ever 
be needed for distribution.”’ 

In the opinion of Dr. Wells: ‘‘The fly-traps are abundant around the 
margin of Holly Shelter Bay and if the time comes when it is necessary 
to set aside a protected area, this would be very desirable. However, 
I have yet to be convinced that the plant is in any real danger of 
extermination.” 

In view of these opinions your committee feels that though the 
nation-wide advertising of this plant by radio and mail would be unfor- 
tunate and might threaten its survival, there seems to be no need at 
present of restraining legislation. Additional information as to its dis- 
tribution and perhaps to its cultivation would be very helpful and it is 
hoped that the suggested surveys of the region may be taken up during 
the coming summer. 

The Dismal Swamp. It is regretted that little progress can be re- 
ported on the proposed cooperative study of the Dismal Swamp. No 
report has been received of any action on the part of the Virginia 
Academy of Science. The chairman of your committee made one 
hurried trip on a logging train from Norfolk into two parts of the Swamp, 
one where logging of white cedar had been carried on some eighteen 
years ago, and the other where logging of hardwood and pine was going 
on in the nature of a clean-up job in 1939. It seems that nearly all of 
the valuable timber has been cut and the owners of the larger swamp 
tracts might be willing to dispose of the land at a very small price, in 
fact some might be glad to give it away to escape taxation. If the 
major part of this swamp could be transferred to public ownership and 
relief funds used for its protection and development, it should in time 
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become a valuable public asset. Within the past month information 
has been received which indicates that there is a fair prospect of securing 
this area as a National Forest, the chief need being a substantial increase 
in the annual appropriation for acquisition of forest lands. 

Of the three companies which control the greater part of the area, 
two have practically completed the logging of the timber while the third 
having less land has more uncut timber. The State Forester of Virginia 
writes: “Ever since the disastrous fire season which we had in 1930 I 
have favored a program by which the Forest Service would acquire the 
lands in the Dismal Swamp.” 

“Because of the unique qualities of the Dismal Swamp” writes the 
Assistant Chief of the Forest Service, “it might afford bases for specific 
proposal to Congress for special legislation and appropriation, thus 
permitting the plan to be carried to fruition without dependence upon 
the small general appropriation. Such an approach, however, would 
require an unusual degree of support and aggressive action by the people 
of the two States concerned. Whether that would be obtainable is 
something about which you know more than I do.” 

If, after another year’s study, this Academy finds it can heartily 
endorse the public acquisition of this historic area, and our sister 
Academy in Virginia can join with us, there seems no reason why the 
scientific and economic values of the Dismal Swamp may not in this 
way be restored and perpetuated. It is therefore recommended that 
your conservation committee give this matter further study and 
attention. 

(Some photographs of the Swamp are on exhibit here.) 

J. 8. Holmes, Chairman, W. C. Coker, J. P. Givler, C. F. Korstian, 
H. J. Oosting. 

The report was adopted. 


REPORT OF THE REPRESENTATIVE TO THE COUNCIL OF THE A. A. A. S. 
Your representative attended all of the Council Meetings. Since re- 
ports of these have already been printed no further report is needed here. 
Bert Cunningham. 

The report was adopted. 


REPORT OF THE LEGISLATIVE COMMITTEE. The only report that can 
be given at this time concerning the legislative committee is that an 
effort will be made to place a resolution before the Academy urging the 
passage of either Federal or State legislation for the control and elimina- 
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tion of the pollution of fresh and salt water areas by municipal and 
industrial wastes. The chairman has held conferences with officials 
of the Department of Public Health (Federal and State), the North 
Carolina Department of Conservation, the Department of Sanitary 
Engineering of the University of North Carolina, and Fish and Game 
Associations for the purpose of promoting coordinated action by these 
groups on the problem of controlling pollution. The general idea is 
to promote the passage of legislation which will prevent an increase 
in pollution and then tackle the elimination of that which we now have 
through the functioning of a Water Purification Board which would be 
composed of representatives of the Public Health and Conservation 
Departments of the State, the U. S. Bureau of Fisheries, etc. This is 
a matter that certainly deserves the attention of the North Carolina 
Academy of Science. H. F. Prytherch, chairman. 
The report was adopted. 


REporT OF THE HicH Scuoot Science CommitrTer. The High 
School Science Committee has been concerned chiefly with several 
projects during the current year: (1) the award of the Junior member- 
ships in the A. A. A. §., (2) the project contest, (3) the organization of 
High School Science Clubs, (4) Science fairs, (5) lantern slide loans, and 
(6) High School teachers meeting. 

(1) Clyde Vaughn of the Charlotte High School was duly elected to 
the honor of Junior Membership in the A. A. A. S. 

(2) Four projects (see program), selected by earlier competition in 
their various sections, were exhibited during the meeting and the mem- 
bers of the Academy voted upon them. Approximately 50 votes were 
cast and Mr. Don Fisher of the Salisbury High School was declared the 
winner. The award of $20 in cash was delivered by President Blom- 
quist at the dinner Friday night. 

(3) The effort to aid in the organization of Science Clubs proved quite 
profitable. There are now some 65 Science Clubs in the State for which 
the Committee has definite information as to sponsors and officers. The 
Committee has sought to find the needs of these clubs which might be 
met by the Academy or some other agency through the Academy. A 
summarized report of the findings follows. 

Those responding to the inquiry were almost unanimous (all but one, 
who was doubtful) upon two points, namely, (1) that some effort should 
be made to bring about cooperation of the various clubs; (2) that there 
should be an annual meeting of club sponsors to discuss club programs 
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and problems. Such unanimity was not evident in answers to the 
other questions. Summarized, the needs which the Academy might 
meet were in the following order: provide outlines for club meetings, 
suggest projects for clubs, provide source material, provide lantern 
slides with syllabus, arrange for outside lecturers, provide a medium 
of exchange for museum materials and loans of apparatus. 

(4) The failure to get much response to the project award at the 
District Meetings led the Committee to consider the advisability of 
attempting regional Science Fairs in the spring at which time projects 
would be selected for the final competition at the Academy Meeting. 
A science fair had been held at Cullowhee last year under the guidance 
of Professor Dodson. This was so successful that other regional fairs 
seemed feasible. Several other colleges were invited to undertake simi- 
lar experiments. Campbell College responded and held a fair on April 6. 

The Leeuwenhoek and Einstein Science Clubs under the leadership 
of Professor L. J. Gier, a member of the Academy, sponsored the meet- 
ing. The three-hour program consisted of some 25 short papers by 
visiting high school students and also by members of the clubs. While 
the number of outside schools represented was small, your representative 
counted some 70 persons in attendance at the program. The group 
was enthusiastic and unanimous in its desire for another meeting 
next year. 

There were two types of exhibits: (1) those competing for the various 
awards and (2) general exhibits provided by the College Club. The 
awards were restricted to the high school exhibits. Dr. H. L. Blom- 
quist gave a lecture on “The Wild Flowers of North Carolina” at 
night to an excellent audience. 

The meeting at Cullowhee, sponsored by the Science Club of Western 
Carolina Teachers College and under the guidance of Professor C. F. 
Dodson, was successful from every point of view. Nine papers were 
presented, and the evening address was by Dr. R. H. Snyder of the 
University of Georgia. The program was attended by approximately 
100. The exhibits here attracted a great deal of interest and attention. 
Three awards were given by the Club for exhibits. Again a great deal 
of interest was shown and already not only the Club but visitors are 
planning for next year’s Science Day. 

(5) Through the grant from the American Institute and the kindness 
of Dr. H. L. Blomquist the Committee was able to secure two sets of 
slides to be loaned to High Schools. These became available Novem- 
ber 15 and to date have been shown in 15 schools, to more than 3000 
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students and teachers. This feature has done more (in the eyes of the 
Chairman of the Committee) to interest the High Schools in the 
Academy than any other. 

(6) The Committee arranged for a meeting of the High School Teach- 
ers to be held in conjunction with the Academy, on Saturday morning. 
This session was attended by 14 teachers and lasted about two and a 
half hours. For the titles of papers see program below. There was 
much animated and profitable discussion and it was the unanimous 
opinion of the group that another meeting should be held next year. 

The Committee recommends that: 

(1) The projects award be continued, the contestants being selected 
on some regional basis early in the spring. Passed. 

(2) The Academy go on record as supporting the work with the 
Science Clubs looking forward to some federation of them into a more 
cooperative body. Passed. 

(3) The Academy express its appreciation of the help given by the 
American Institute in the High School program. Passed. 

(4) If this year’s program for the High School teachers proves satis- 
factory, the Committee be authorized to sponsor another meeting next 
year. Passed. 

B. B. Brandt, Mary C. Cleaver, C. F. Dodson, J. H. Highsmith, 
R. J. Slay, J. W. Wood, Bert Cunningham, Chairman. 

The report was adopted. 


REPORT OF THE INTER-ACADEMY COMMITTEE ON THE JEFFERSON 
Awarpb. This Committee, which was set up by the donor of the Jeffer- 
son Academy and Inter-academy Awards for the purpose of administer- 
ing the awards and to make suggestions to the donor concerning them, 
held a meeting at Columbus during the American Association Meeting. 

From previous action of this Committee it was understood that the 
Committee has nothing to do with the manner of selection of the indi- 
vidual Academy’s recipient, although it did suggest to each Academy 
some general qualifications. It does, however, have the right to specify 
the qualifications which must be met in order that a recipient of the 
individual Academy award may enter his paper for the Inter-academy 
award, 

In the past the individual Academy award consisted of a medal; the 
final, a cash award. It had been proposed by members of several 
academies that it might be better to make the final award some trophy 
which could be kept by the recipient and that possibly cash awards 
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would be appreciated by the individual academies. With the approval 
of the donors the plan was put into operation for the current year. 

It is the opinion of your representative on this committee that the 
donors would like an expression of the opinion of the Academy upon 
the change. I, therefore, propose the following resolution for your 
action. 

Be it resolved that: The North Carolina Academy of Science approve 
the plan in making the Jefferson awards to give the recipient in the 
individual Academy a cash award and the recipient of the Inter- 
academy award some suitable trophy. 

Be it further resolved that: The North Carolina Academy of Science 
express its appreciation to the donors who, having endorsed this plan 
at an additional overhead cost, have shown a keen interest in the ad- 
vancement of scientific research in the southeast. 

These resolutions were passed by the Academy. 

It is gratifying to report that the Jefferson Inter-academy award was 
again taken by a member of our Academy, Dr. F. H. McCutcheon of 
the Zoology Department of State College. Bert Cunningham. 

The report was adopted. 


REPORT OF THE REPRESENTATIVE TO THE ACADEMY CONFERENCE. 
Your representative presided as chairman at this year’s meeting. The 
program consisted of papers presenting data on various problems which 
affect most of the Academies. The discussions were unusually free and 
helpful and the extra hour allotted for this meeting was profitably 
utilized. 

A report by Dr. Faust on the use of the A. A. A. S. grants to the 
Academy for research brought out some interesting facts. Several 
Academies have not called for their grants; several have used them for 
very superficial studies; most have used them to a good advantage. Our 
Academy stands well in the assembly. Several Academies have used 
the A. A. A. 8. grant as a lever to get more research funds. The North 
Carolina Academy should consider this possibility. 

A report on the detailed organization of the lowa Academy was made 
and while there was much of value to the more poorly organized Acade- 
mies, there was little of significant value for ours in its present state. 
The report was made by Dr. J. C. Gilman. 

Dr. P. D. Strausbaugh gave an interesting and helpful discussion of 
the Academy as a unifying agent for the various scientific organizations 
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of the state. How this may be worked out in North Carolina is not 
clear and your representative would welcome suggestions. 

Dr. Faust made a tabulated report of the methods used by various 
Academies in selecting the Junior A. A. A. S. members. Our present 
plan does not seem to be working well as may be seen in the High School 
Committee report. Suggestions would be gladly received. 

The item which produced the most discussion was the report of a 
sub-committee on the relation of the American Institute to the Junior 
Academies. A committee had been appointed to study the matter, 
and it was the report of this committee that brought about the dis- 
cussion referred to above. 

In essence the committee made the following recommendations: 

The Committee recognized the commendable interest of the American 
Institute of the City of New York to cooperate in extending the work 
of High School Science Clubs and of the Junior Academy of Science 
movement. It therefore looks with favor upon the development of a 
plan that will promote the High School Science Clubs, either as inde- 
pendent groups, or as units of the state Junior Academies of Science 
which have made striking progress since their inception in 1927. 

To this end the following motions were duly passed: 

(1) In states which have a State Academy of Science and a Junior 
Academy of Science, any inquiring science club seeking admission to 
the ‘‘Associated Science Clubs” is to be referred to the Junior Academy 
of Science of the state in which the club is located, for assignment of 
its membership. 

(2) In states which have no State Academy of Science its organized 
High School Science Clubs shall bear the name of ‘‘Associated Science 
Clubs” rather than the name “Junior Academy of Science.” 

(3) In states which have no State Academy of Science, any inquiring 
science club seeking admission to the “Associated Science Clubs” 
shall be referred to the particular state of its location for membership 
in its geographic unit. 

(4) In any state which has an organized State Academy of Science, 
but no Junior Academy of Science, it is advised that if or when ten or 
more High School Science Clubs are organized, the General Secretary 
of the American Association for the Advancement of Science be directed 
to recommend to the existing State Academy of Science an initial es- 
tablishment of a Junior Academy of Science. 

It was pointed out that neither the Academy Conference nor its 
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committee could bind the various academies to this plan without their 
approval. The Academy Conference referred the problem again to the 
committee with power to act. 

At a subsequent meeting of the committee the following actions were 
taken. 

The following resolution was adopted upon motion: Resolved that 
wherever a Junior Academy of Science is already in existence the name 
Associated Science Clubs shall not be used, with the following exception; 
in the case of Pennsylvania where that name (Associated Science Clubs) 
is already in use, discretion on this matter be left to that group. 

Upon motion, the secretary was authorized to make public such part 
of the proceedings of this committee as he deems advisable. 

It was moved, seconded and carried that the Academy Conference 
cooperate with the American Institute in the compilation and publica- 
tion of a sponsor’s handbook. Astell, Oerlein, Page, and Gilman were 
authorized to act as an editorial board to supervise the preparation of 
such a handbook. 

Dr. Sheldon was authorized to prepare a memorandum on the rela- 
tions of the A. A. A. S. to the Junior Academy Movement and submit 
it to the committee for action. 

It was moved and carried that Dr. Sheldon be authorized to proceed 
under the terms of the committee’s earlier report and act upon the 
recommendation outlined in that report. Your representative would 
like an expression of the opinion of the Academy on this point and there- 
fore presents the following resolution: 

It is the opinion of the North Carolina Academy of Science that the 
plans suggested by the Committee of the Academy Conference for co- 
operation between the American Institute and Junior Academies (or 
High School Science Clubs) is fair and reasonable, and this academy 
authorizes its representative to work toward that end. (This resolution 
was passed by the Academy.) Bert Cunningham. 

The report was adopted. 


REPORT OF THE TREASURER. In keeping with the action of the 
Executive Committee, the Treasurer made a preliminary report at the 
meeting. Below is the report submitted to the Auditing Committee. 


Financial Statement, North Carolina Academy of Science, July 11, 1939 


Balance on hand in checking account May 4, 1939............. $134.71 
I ches yea ack ba pucdyoalsd cant aee keane udae conte 14.00 





Pe i I Gr GI ined aces tia dicesctencvasavicres $148.71 











Co ET ear rs 
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i a ar a ee . $210.00 
Ee por ren? Se eee ee? 6.00 
EE Row i vccens can vensneercesaas seared cian 6.00 
ic ee Os CI IN os Soice cas vcccecasdveinree uses 75.00 
Chemistry Section Share of Program......................... 5.00 
Total Receipts after May 4, 1939........................ ashes 
MI a 5 55 Grae AGRA erin aia ci anines. 054d beeen be hes 
Disbursements after May 4, 1939: 
ee ee on, dino d.nccccesicwdscauveudaaeurate $6.00 
sooo os oe kn daeKedre mete wadeusnuooeee 5.00 
i, Aas te MIE II... v4.95 cela. bieaie ative ev orn cdawen 75.00 
eer eee ret ee 22.20 
Ns iid doo ansene ic erawnessadeeacuaaeennss 12.96 
I 2 cs a cena aime Moun Ca danend wear maw ey 4.75 
I eGo ac dan ack cheese b aeetia Sia eeesiceen ean 26.45 
EE Br : BRIN oasis. 5.5 odo ok eck wed Cen cdceedsescs 33.62 
PN 5. Gintane ahaa Ran aewicen ors ewAle daw es Le eda pa be aes 1.79 
ane unie sya nce utadc o-2 bslenacne nerd Se pas Mena Mead Pare eae .60 
I is. hao staan s var mh ed. kireis Als mane m@ammahean oa earaE Sie 1.00 
je ee ee ee 1.18 
Ee PI: a5 ols ied Ss hs FE Ree eSemeen 


Balance on hand on Checking account, The Fidelity Bank, 

ae eee 
Cash on hand (checks for 1939 dues)........................ 
Balance in savings account, Bank of Chapel Hill............ 


i id eine tomes chuy insane ace iolebenaens 
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302.00 





450.71 


190.55 





260.16 
6.00 
404.57 


670.73 


REPORT OF THE AUDITING COMMITTEE. The above account has been 
examined and found to be correct. (Signed) P. J. Kramer, Chairman, 


and Willard Berry. 


Summarised Statement, June 1, 1940 
Checking Account 
Receipts: 


I: St I, 5054s euiees + omehwoue Goth eke sw da cee caeceenn 
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Expenditures: 
American Institute Acct. (See itemised stmt.)....................... $254.30 
es Se eed boa dia aco WEEE: T Goo ala Kae RW ela eed SIRE ORS 15.00 
NE nda dyin aun ob bks wsedevebwee Rew eck anne eee e nbn sien 144.30 
ogg exp uct vie 4s cde eae OREM RMR SEV SW aaa ene 96.25 
aera held Lae ware Muara d chal ana'en lane KOK EMR Hoos OA 11.55 
SS ods Givin Sia oh ne MOS He MANE OES 10.80 
Sc ca ass chee eee Nae we Ae RS 62.80 
hh aad cia wah iiawh ane ee Wout Web naia amie eteeeisiies 5.85 
gE ea cinktenk bide kw nwnd os ewan Meee cele eae 300.00 
EE Oe PTE TL CTE TE Ot Orr te eT 20.00 
ERE RTE PE ELLE TT SECO ETE ETO RT ee ere oe 13.37 
ka a cy sing rly slave x gil ke Ee ON 1.00 
Rubber Stamp & Treasurer’s Book... .............-..cccccccccencess 3.21 
ee AN Saleh REL aE RGe CANA wR RON ANE AUER OTN le ee 2.00 
ies Coa ialerop CNaacabre s vahins sos see knee am ewer 10.00 
My cod tienes niece nate Cenraecys Car cnae or ereey cashout 1.54 
951.97 
SN eid oh cia cuha ad Wek atiaaiweskialh aces RNa Lea Ree ee areee eters 208 .04 
1,160.01 

Savings Account 

en IN 5.55 55d og 44 decried whe Sis Can aulewspeet cn seu ene $404.57 
Babavent Daly 1, BORD, to Fambay 1, TRGB. a nac owe acide ces ceisweeen 4.04 
eS eee re ee err se errr ere Pree rey Pe 408 .61 


REePoRT OF THE AUDITING CommMITTEE. On the thirteenth day of 
June this account was examined and found correct. (Signed) A. F. 
Thiel, P. M. Ginnings, and J. P. Givler, Chairman. 


Summary of the Financial Status of the Academy as of June 1, 1940 


ELE OO ELT TTT CSPOT ETT TT TET Lek er $208 .04 
ne CT OTT Te ee ee ree ee Te ee 408 .61 
ER CRE ee eT Te eee PT eT eS here err rere hy rrr re 616.65 
I Ai echs ce Dibh reece wONR Eh Bos Rbes ek oN web ene Gee as none 


Report oF THE SpecIAL RESOLUTIONS CoMMITTEE. Resolved: In 
the passing of Dr. Alfred Alexander Dixon, Professor of Physics at the 
North Carolina State College, the North Carolina Academy of Science 
has lost a profound scholar and a distinguished teacher. Patient and 
sympathetic in his contacts with students, helpful and stimulating in 
his relations with his colleagues, he will be greatly missed in North 
Carolina. He was skillful and painstaking in research and was a fre- 
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quent contributor to the programs of colloquim, The American Physical 
Society, and the Physics Section of this Academy. He was a North 
Carolinian by birth and a graduate of Guilford College. His graduate 
work carried him to Haverford College which conferred on him the 
Master’s Degree in 1911. For two years thereafter he was a student 
of Professor H. A. Wilson at Rice Institute, and after several terms at 
the University of Chicago and Cornell University, he was awarded the 
degree of Doctor of Philosophy by Cornell in 1930. 

He has published articles on Ionizing Potentials of Gases, Liquid and 
Solid Solutions of Rhodmium, Fluorescence in Solid Solutions, Surface 
Tension of Water at Low Pressures, Effect of Electric Fields on the 
Viscosity of Liquids, the latter paper being presented to the American 
Physical Society at the Athens meeting in 1939. 

Dr. Dixon was a member of numerous scientific societies and also 
of the Phi Kappa Phi. He took a great interest in meeting with his 
co-workers in the field of Physics and in discussing current problems 
with them. We hereby acknowledge our great loss and order that a 
copy of these resolutions properly subscribed by the Secretary be spread 
on the minutes of the Academy and that a copy be sent to his wife, 
Mrs. Dixon, who survives him. We extend to her our deepest sym- 
pathy. W. E. Speas, C. M. Heck, C. W. Edwards, Chairman. 

The report was adopted by a rising vote. 


REPORT OF THE COMMITTEE ON THE A. A. A. 8. RESEARCH GRANT. 
Two applications for funds from the A. A. A. 8. Research Grant were 
received. One was from Dr. 8. B. Knight of Davidson College and the 
other from Dr. Henry W. Jensen, Asheville Farm Life School of Swan- 
nanoa, North Carolina. 

A majority of the Research Grant Committee has voted for a 
division of the fund between the two applicants. According to this 
division $37.50 will be made available for each of the applicants. B. 
W. Wells, Chairman. 

The report was adopted. 


REPORT OF THE NOMINATING COMMITTEE: 

For President: J. L. Stuckey. 

Vice-president: O. J. Thies. 

Member of the Executive Committee: A. 8. Pearse. 

Members of the Grants Committee: O. C. Bradbury and H. D. Crock- 
ford. 

The President called for nominations from the floor. It was moved, 
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seconded and carried that the nominations be closed and that the Secre- 
tary be instructed to cast the ballot for the nominees. The Secretary 
reported that the ballot had been cast and the nominees were declared 
by the President to be duly elected. 


REPORT OF THE ReEso_uTions CommiTTEE. The North Carolina 
Academy of Science wishes to express its sincere appreciation for the 
very pleasant entertainment received at Davidson College. The 
generous home hospitality, complimentary dinner, reception, the use 
of lecture rooms and laboratories, the help in registration and other 
routine matters, the friendly fellowship so graciously given us, show 
that the local committee, the administration, Quadwranglers Club, 
faculty, student body, and the whole community have cooperated to 
make our third Davidson meeting one of the most pleasant of our 
thirty-nine meetings. 

At this time the North Carolina Academy of Science wishes to con- 
gratulate Dr. R. F. Poole on his promotion to the presidency of Clemson 
College, and though we congratulate him we regret his loss to the state 
of North Carolina. We feel, however, that he will continue his interest 
in North Carolina and in the North Carolina Academy of Science, and 
that the present move means only the widening of his influence and 
helpfulness to the whole South. A. F. Thiel, G. H. Satterfield, H. R. 
Totten, Chairman. 

The personel of the standing committees is as follows: 

Executive: J. L. Stuckey, O. J. Thies, Bert Cunningham, O. C. Brad- 
bury, E. H. Hall, A. 8S. Pearse. 

Research Grants Committee: B. W. Wells (1942) Chairman, P. M. 
Ginnings (1941), M. L. Braun (1941), O. C. Bradbury (1943), H. D. 
Crockford (1943). 

The following were elected as officers of sections: 

Botany: Chairman, J. N. Couch; Secretary, Earl H. Hall. 

Geology: Chairman, J. W. Huddle; Secretary, Willard Berry. 

Mathematics: None elected. 

Physics: Chairman, R. H. Lyddane; Secretary, F. W. Lancaster. 

Psychology: Chairman, O. H. Lundholm; Secretary, J. F. Dashiell. 

Zoology: Chairman, H. F. Prytherch; Secretary, Z. P. Metcalf. 

High School Science Teachers: Chairman, Thomas Baldwin; Secretary, 
John W. Wood. 

Davidson College gave the membership a complimentary dinner at 
6:00 P. M. At this time President Blomquist introduced Don Fisher, 
a student of Salisbury High School, and delivered to him $20 in cash 
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as an award for his exhibit which was voted by the Academy as superior 
to the other projects at the meeting. 

At 8:00 P. M. the Academy assembled to hear the Presidential ad- 
dress. Vice-president Couch presided and introduced Dr. J. W. Mac- 
Connell of Davidson College who welcomed the visiting scientists. 
Dr. Couch then introduced the President of the Academy, Dr. H. L. 
Blomquist, who delivered an address on “Grasses and Man.” This 
was an interesting and illuminating address. After adjournment the 
college served refreshments in the banquet hall, where an opportunity 
was afforded to meet old friends and make new ones. This was a most 
delightful occasion and fully appreciated by all attending. 

Saturday morning was devoted to sectional meetings. 

Dr. J. L. Stuckey, President-elect, announces the appointment of the 
following committees: 

Appraisal Committee: P. M. Ginnings, chairman, E. H. Hall, R. E. 
Coker, Mary Conrad Cleaver, C. W. Edwards, Karl H. Fussler, E. G. 
Purdom, and R. N. Wilson. 

Auditing Committee: H. R. Totten, chairman, R. W. Bost, E. T. 
Browne. 

Conservation Committee: J. S. Holmes, chairman, J. P. Givler, 
C. F. Korstian, W. C. Coker, H. J. Oosting. 

High School Science Committee: Bert Cunningham, chairman, R. J. 
Slay, J. Henry Highsmith, C. F. Dodson, John W. Wood, M. L. Braun. 

Legislative Committee: H. F. Prytherch, chairman, B. W. Wells, 
W. F. Prouty. 

Necrology Committee: W. L. Porter, O. C. Bradbury, Florence C. 
Schaeffer, Ruth M. Addoms, C. M. Heck, Otto Stuhlman, B. B. Brant, 
Mary C. Cleaver. 

Poteat Award Committee: J. N. Couch, chairman, D. K. Adams, 
F. H. McCutcheon, Willard Berry, E. L. Mackie, G. H. Satterfield, 
E. K. Plyler. 

The following papers were presented. Those marked “x” are ab- 
stracted in the Proceedings. 


GENERAL SESSION 


1. Experimental production of cretinoid progeny by hyperthyroidization 
of pregnant rats (Lantern). BrrT CUNNINGHAM AND SARAH 
Harris, Duke Univ. 

2. Some special equipment (Lantern). Catvin N. WaARFIELD, 
Woman’s College, U. N. C. 
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x3. 


~I 


x9. 


10. 


11. 


x12. 


x13. 


14. 


x15. 


16. 


18. 


19. 


x21. 
x22. 


x23. 
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Method for useful analytical data by surface adsorption. L. B. 
Ruopes, State Dept. of Agriculture. 


. (Transferred to Chemical Society program.) 
xo. 


Recent changes in our conception of the atom. C. W. Epwarpbs, 
Duke. 


. Ascorbie acid (Vitamin C) in laying hens (Lantern). T. A. BELL, 


F. W. Cook, G. H. SatrerFIE.p, N. C. State. 


. Notes on the language of Science. W.L. Porter, Davidson College. 
x8. 


Vitamin C in goats’ milk and blood (Lantern). Martua 8, Ricx- 
MOND, N. C. State. 

Problems of trade waste in North Carolina. E. E. RANDOLPH, 
N. C. State. 

The first year’s continuous record of the rate of loss of heat to the 
atmosphere and the minimum temperatures reached in North 
Carolina (Lantern). C. M. Heck, N. C. State. 

A question as to soil conservation (Read by J. W. Huddle). Sam- 
vEL T. Emory, U. N. C. 

Newer concepts of some base exchange properties of soils (Lantern). 
ApotFr Menuics, N. C. State. 

Use of a minicamera in teaching biology (Lantern). L. J. Grer, 
Campbell College. 

A case of Darling’s histoplasmosis caused by Histoplasma capsu- 
latum in a three-months infant (Lantern). ' N. F. Conant, Duke. 

Preliminary survey of eastern Dare County peat (Lantern). B. W. 
WELLs, N. C. State. 

Observations of rabies in wild animals (Read by title). Sets T. 
Watton, Charlotte Health Dept. 


. The theory of center of origin as a modern concept (Lantern). Z. P. 


Metrcatr, N. C. State. 

Parallel evolution of host and parasite? (Lantern). G. W. WHar- 
TON, Duke. 

Marine fishery resources of North Carolina (Lantern). HERBERT F. 
PryTHERCcH, U.S. Fisheries Biological Laboratory. 


. The structure of the human stapes as conditioned by environment 


(Lantern). OrTro Stuntman, Jr., U. N. C. 

Life of the Pre-Cambrian (Lantern). WiLLarp Berry, Duke. 

The evolutionary significance of unisexuality in plants. HEnry W. 
JENSEN, Asheville Farm School. 

Lipids of the duodenal mucosa of swine during fat absorption. Ray- 
MOND Reser, N. C. State. 
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24. 


x25. 


x26. 


27. 


xi. 


x6. 


x7. 


x9. 


10. 


11. 


x12. 


xl, 


x2. 


The correlation of the biophotometer readings with the Vitamin A 
content of human blood. H.L.Caveness, W. J. DANN anv G. H. 
SATTERFIELD, N. C. State and Duke Medical School. 

Rapid determination of base exchange capacity and exchangeable 
hydrogen of soil (Lantern). Apo.tr Meuuica, N. C. State. 

Rooting cuttings of Shalil peach (Lantern). C. F. WruiaMs, 
N. C. State. 

Crystal peculiarities of the Easter snow (Lantern). C. M. Heck, 
N. C. State. 


BOTANY SECTION 


The occurrence of deficient kernels in southern corn varieties. PAuL 
H. Harvey, N.C. State. 


. Cytology of Elymus (Lantern). Wa.tTerR V. Brown, Duke. 
x3. 


Notes on the leaf anatomy of certain shrub-bog plants of eastern North 
Carolina (Lantern). JosepH P. McMenamin, N. C. State. 


. Development of metaxylem elements in Rhipogonum scandens J. R. 


et G. Forst (Lantern). Ruta M. Apvoms, Duke. 


. The crystals in epidermal walls of peanut leaves (Lantern). DoNnaLp 


B. ANDERSON, N. C. State. 

Notes on Septobasidium from Mexico (Lantern). J. N. Coucs, 
U. N. C. 

Development of adventitious roots inside the trunk of umbrella 
catalpa (C. bignonioides var. nana). L. J. Grier, Campbell 
College. 


. Another new species of Plagiochila from the Southern Appalachian 


Mountains. H. L. Biomauist, Duke. 

Persistent root hairs of Venus’ Fly Trap, Dionaea muscipula. 
I. V. SHunx, N. C. State. 

The fresh water algae of North Carolina (Lantern). L. A. Wurt- 
FORD, N. C. State. 

Jerome pocosin, a bog in Bladen County, North Carolina (Lantern). 
Murray F. BuE tt, N. C. State. 

Field plot technique for peanuts. Paut Harvey anv H. F. Ros- 
Inson, N. C. State. 


GEOLOGY SECTION 


Soapstone deposits in Wake County. J. L. Stuckey anp D. R. 
GeoreGgE, N. C. State. 
Triassic spores (Lantern). WuitLarD Berry, Duke. 
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. Correlation of physiography and kaolin deposits in the Burnsville- 


Spruce Pine District of North Carolina. Husert O. De Beck, 
Celo Mines, Inc. 

Notes on the Ducktown Basin (Read by Willard Berry). C. H. 
Bronson, Tennessee Copper Co. 

Geologic problems of Western North Carolina. G. W. Crickmay, 


Univ. of Georgia. 
A study of soil erosion around Chapel Hill, North Carolina (Lantern) 


(Read by Romer Martin). Franxkuin C. Erickson, U. N. C. 


7. Thermal properties of massive topaz (Lantern). J. L. Stuckey 


AND J. J. AMERO, N. C. State. 


. Notes on the geological section at Natural Wells near Magnolia, 


N.C. J. W. Hupp ie, U.N. C. 


. A peculiar sand body in the Cherryvale Shale of the Kansas City 


formation, Belton area, Cass County, Missouri. JoserH R. 


Cuatr, U. N.C. 
Geology of dam foundations in the Tennessee Valley. W.¥F. Provuty, 


U.N. C. 


MATHEMATICS SECTION 


. Moments of the generalized matching problem. JosEPH A. GREEN- 


woop, Duke. 
Continuity of semi-continuous collections. J. H. Roperts, Duke. 


An upper limit for the species of Pfaffian Systems. WiLLIAM 
McGavock, Davidson. 


. An existence theorem. J. M. THomas, Duke. 
. A general moment problem (Read by title). R. P. Boas, Jr., Duke. 


PHYSICS SECTION 


Units, dimensions, and physical meaning. M.H. Hess anp J. C. 
Movzon, Duke. 

Long wave length oscillations of ionic lattices. R. H. LyppAng, 
U. N.C. 

The functions of tests in the teaching of physics. C. W. Epwarps, 
Duke. 


. Arch analysis of the human stapes as conditioned by usage. OTTO 


StuHu_Man, U.N. C. 

Raman spectra of gaseous mono- and dichlorobenzenes (Lantern). 
J. S. Kirpy-Smita anp H. Sponer, Duke. 

The conservation laws in collisions of two million volt electrons. 


J. S. Brock, U. N. C. 
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x7. Measurements on magnetic impurities in metals. F.W. CONSTANT, 


R. E. Farres, anp H. E. LENANpER, Duke. 


8. Infra-red absorption of thin films. E. K. Piyuer, U. N. C. 
9. Three apparent anomalies in the behavior of electrons with energies 


of one to two million electron volis. ARTHUR RvuarK, U.N. C. 


PSYCHOLOGY SECTION 


. Two tests, in pedagogical situations, of the factors of organization in 
memory (Lantern). Kari ZENER, RoGER C. MONROE AND 
JoHNn Montcomery, Duke. 


x2. Effects of different distractions on different complexities of work. 


x4, 


x5. 


=. 


1. 


2. 


Joun F. DasureE.z, U. N. C. 

. A further analysis of the conditions of experimentally produced 
“‘neurotic’’ behavior in the rat (Lantern). J. L. YounG anp 
Karu Zener, Duke. 

The characteristics of conditioned response in cretinous rats (Lan- 
tern). G.W. Morrison anp Bert CuNNINGHAM, Duke. 

Factor analysis of measurements of hunger drive in rats. D. K. 
ADAMS AND L. H. Beck, Duke. 


ZOOLOGY SECTION 


The occurrence and development of a hyperparasite, Urosporidium 
crescens sp. nov. (Sporozoa, Haplosporidia), which infests the 
metacercariae of Spelotrema nicolli, parasitic in Callinectes 
sapidus (Lantern). Wriu1am E. DeTurk, Duke. 


. Some additional interseres in Megachile (Lantern). T. B. 


MITcHELL, N. C. State. 


. The use of Chaos chaos in general biology laboratory (Lantern). 


Eton C. Cocke, Wake Forest College. 


. Some observations on the activity of queen and drone honeybees 


(Lantern) (Read by title). F.B. Meacuam, N. C. State. 


. Temperature regulation and blood volume in white men and negroes 


(Lantern) (Read by title). F.G. Hau, Duke. 


NORTH CAROLINA SECTION OF THE AMERICAN CHEMICAL SOCIETY 


Chloroform emulsification as a means for the removal of proteins 
from solution. James C. ANDREWS AND ALBERT B. SAMPLE, 
U. N.C. 

A method for the estimation of gossypol in crude cottonseed oil. 
J. O. HALVERSON AND F. H. Smitu, N. C. State. 
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. The dipole moment of some carboxylic acids with dioxane as solvent. 
Criybe 8. Brooks anp Marcus E. Hoss, Duke. 

4. The application of carbonaceous zeolites in water treatment for reduc- 
tion of total solids and alkalinity. M. D. Doane, the Permutit 
Company. 

5. A critical study of the determination of quinine in blood. GRANVIL 
C. Kyker AND Barttey D. Wess, U. N. C. 

x6. The preparation and characterization of certain aliphatic mercaptans. 
SamvuEt B. KniaGut, Davidson College, anp R. W. Bost, U. N.C. 

Aqueous solubilities of some aliphatic ketones. P. M. GINnNINGS, 
Dorotuy PLonK, E.oise Carter, Greensboro College. 


~J 


HIGH SCHOOL SCIENCE TEACHERS 
(Sponsored by the North Carolina Academy of Science) 


General Science. R. E. Hussarp, Greenville High School. 
Biology. Ne.ire D. BLacksurn, Greensboro High School. 
Physics. JoHn W. Woop, Durham High School. 
Chemistry. B.G. Stewart, Durham High School. 

The program is based upon the findings reported in Curtis—Third 
Digest, and it is hoped that the various questions raised thereby will 
be thoroughly discussed by those in attendance. The papers are so 
limited that at least a full hour may be had for discussion before 


lunch. 
SPECIAL DEMONSTRATION 
Multiple tissue washer and processing assembly: Combination apparatus 
facilitating the preparation of tissues for paraffin section. F. W. 
Cook Aanp G. H. SaTrerFIELD, N. C. State. 


A Method for Useful Analytical Data by Surface Adsorption. L. B. 


RHODES. 

Based on the theory that the initial or dynamic surface tension of 
surface active material in dilute aqueous solutions or dispersions is 
proportional to the concentration, a method is devised to measure 
amounts of such material relative to known solutions of the same 
material in water. The method depends on the comparison of foam 
volumes under uniform conditions and between limits of concentration 
that are considered optimum with respect to the time of subsidence of 
the foam volumes, a period which is from a fraction of a second to 60 


seconds for most materials. 
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It is believed that for these dilute solutions in the absence of volatile 
liquids that foam volumes of different concentrations are determined 
by the initial surface tensions at the vapor air water surface. 

The method consists in shaking tubes from a series of aliquots of the 
material in water in 75 cc. closed cylindrical glass tubes of 1.8 mm. diam- 
eter to the same extent and comparison of the foam volumes that form 
from a known standard similarly treated. 

It was shown that since the rate of subsidence of these foam volumes 
was approximately equal, a curve for surface active material in water 
would show a uniform slope between certain dilutions when concen- 
tration time curves were plotted. 

Comparisons of volumes of foam are made by observations while the 
lower lines of division are held in the same horizontal plane, either 
visually, by photographs or time of subsidence. Sample curves showing 
optimum concentrations for determinations by foam volume are the 
following: borax 0.00%-2.0%; ethyl alcohol 0.25%-1.13% by volume 
at 25°C.; acetic acid 0.1%-1.2% by volume at 25°C.; a commercial 
pectin 0.1%-0.25%; a saponine from Merck 0.000025%-0.0005%. 

The necessity of cleanliness, freedom from impurities, and control 
of pH was emphasized. 


Recent Changes in our Conception of the Atom. C. W. Epwarps. 

The development of our present ideas concerning the nature of the 
atom is traced from the “plum pudding” or “pumpkin” theory of J. J. 
Thompson to the Schrodinger wave mechanics model of 1923. 

Thompson conceived of the atom as made up of equal positive and 
negative charges, the positive charge being diffused throughout the 
atom and the neutralizing negative charges, or the electrons, being 
distributed throughout like plums in a plum pudding. 

Rutherford, in 1911, originated the nuclear theory of the atom—a 
theory which definitely placed the charge in the central sun of a mi- 
crocosm, and the negative charge was distributed among its planets. 
From this, Niels Bohr developed a beautiful theory which accounted in a 
remarkably accurate way for the hydrogen spectrum. In setting up 
this theory, however, he inconsistently based it on two antagonistic 
postulates: one from the wave theory and the other from the quantum 
theory of light. Spectroscopy, through its study of fine structure, 
proved experimentally that the simple quantum orbits of Bohr could 
not be so simple after all. Sommerfeld of Munich extended the theory 
to multiple elliptical orbits with much success. This atom was followed 
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by the Heisenberg Quantum Mechanics model in 1925, which in turn 
was superseded in 1926 by the Schrodinger wave theory atom to which 
it is mathematically equivalent. Some of the results of the de Broglie 
wave theory of the electron were applied to an atom model and me- 
chanical analogy was set up. Attention was called to the present 
neutron-proton model of the nucleus and the mechanism of transmu- 
tation of matter by which new elements are created through the loss 
of small fundamental particles. Finally attention was called to the 
sensational discovery of January 6, 1939, of the “‘fission” of one of our 
heaviest atoms into two atoms of nearly the same mass and charge. 
Heretofore only fragments of such atoms had been removed or added. 
The average life of such atoms is hundreds of millions of years, and they 
would not be classed as unstable, but when such a nucleus is squarely 
hit by a projectile such as a high energy deuteron or neutron—the 
latter a projectile which is not repelled by the nucleus—a fission results. 
A neutron, entering a Uranium nucleus, forms a transitory atom 92 
U**, This splits up into 56 Ba™® and 36 Kr'® and following the ter- 
minology of the biologists, results in a fission of Uranium. 


Vitamin C in Goats’ Milk and Blood. Marrtua 8S. Ricumonp, G. H. 
SATTERFIELD, AND C. D. GRINNELLS, N. C. STATE, AND W. J. Dann, 
Duke. 

During an 18 months period, 430 milk and 260 blood samples were 
taken from 5 Toggenburg goats receiving a normal diet. The ascorbic 
acid content of these samples was determined by titration against 2 ,6- 
dichlorophenolindophenol. No consistent relationship between the 
ascorbic acid content of the milk and that of the blood was observed. 

Each of these goats was injected intraperitoneally three times with 
ascorbic acid (twice with 1 g. and once with 2 g.). Following the in- 
jections, a rapid large rise in blood ascorbic acid, a rapid very large rise 
in urine ascorbic acid, and a slower small rise in milk ascorbic acid were 
observed. 

Observations were also made on 6 other goats fed alternately a normal 
and a vitamin C-free diet. 


Problems of Trade Waste in North Carolina. E. E. RANDOLPH. 

The present session of Congress has passed an Act to create a Division 
of Water Pollution Control in the U. S. Public Health Service. Its 
duties, in cooperation with the state agencies, are to prepare compre- 
hensive plans for reducing or eliminating pollution of the waters and 
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streams of the United States, and to conserve them for public water 
supplies, for aquatic life, recreational, agricultural, industrial, and other 
legitimate uses. Its duties also shall be to make investigations of 
specific water problems and make definite recommendations for solution 
and correction. Previously much work had been done by the U. S. 
Public Service, state health departments, various industries, and by 
private investigators on these complex problems. Stream pollution 
arises mainly from two sources; namely, domestic and industrial waste. 
Biological purification and chemical precipitation methods are univer- 
sally employed for treating sewage. Thirty-five municipalities in this 
state have provided for approved treatment and within a few years it is 
likely that treatment of domestic sewage will be provided for in all 
municipalities. 

Treatment of industrial waste is a much more complicated and, as a 
rule, more expensive matter. In many cases the volume of waste is 
great so that a suitable treating installation is expensive. In some 
plants, such as large paper mills, different types of effluent are produced, 
which fact would require the construction of more than one treating 
plant. For some types of waste economical treating methods have not 
yet been worked out. In other types of waste the objectionable may 
be removed by substituting in the water an equivalent amount of a 
less objectionable chemical compound. 

Waste-producing industries in this state include among others wood- 
working industries, furniture factories, mineral industries, fertilizer 
factories, textile mills, finishing and dyeing plants, pulp mills, tanneries, 
tobacco factories, vegetable oil mills, special chemicals, city gas plants, 
aluminum plants, rayon plants, fish oil and scrap factories, a bromine 
plant, filling stations, garages, eating places, dairies, mercantile houses. 
The types of treating of trade wastes must be different for each type of 
effluent and methods for treating some of them are unknown or involve 
excessive cost. 

Nature has been favorable to North Carolina in many ways. Prac- 
tically all of our streams rise in our own state, flow southeast, and empty 
into the ocean on our own shores. We therefore do not have to contend 
with stream pollution from other states, and do not trouble any neigh- 
boring states except to a limited extent South Carolina and Tennessee. 
Any second-hand water that we use is our own. 

The nature of our trade waste is complex and varied. It includes 
solids, such as sawdust; colloidal suspensions, such as waste from con- 
centration plants; oils and greases from garages and filling stations; 
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dyes and various textile wastes; tar, tar oil and phenolic compounds 
from our 32 manufactured gas plants; soaps, greases, bleaching agents, 
and organic matter from laundries, bleacheries, and finishing plants; 
tannic acid, lime, grease, and organic matter from tanneries; lignin, 
cellulose fiber, sulphite liquors from pulp mills; and residues from 
numerous other plants large and small. Some of these liquors are acid; 
some are alkaline; some emit disagreeable odors; some deposit objection- 
able materials along the streams; some are corrosive; and all add to the 
soluble and suspended matter in the streams. 

The objections to trade waste in streams are: 

1. They affect the fish, aquatic life, and recreational use of the 

streams; 

2. They affect the water supplies downstream; 

3. They affect the processing water for other industries downstream ; 

4. They affect the riparian rights of property owners downstream. 

In some cases useful material can be recovered from the waste, such 
as turpentine, tannic acid, and soda in the paper industry. In several 
cases the industries have made expensive studies and research to elim- 
inate objectionable materials in their discharges and have spent much 
money in designing, building, and equipping treating plants. In some 
cases the recovery of processing chemicals becomes an economic asset, 
such as the soda and sulphate recovery in pulp digestion. In such 
studies often theoretical scientific developments are worked out, such 
as the production of vanillan from sulphite waste liquors. 

Such additional expense would be non-revenue producing. It is 
money going out and none coming in, all for the benefit of the industries 
and the public downstream, and yet industry as a whole is in favor of 
aiding in preventing stream pollution because each .one needs itself 
pure water for its boiler and processing work. An official spokesman 
states that the association of pulp and paper industries has spent over 
three million dollars in research to prevent stream pollution. In- 
vestigators realize that stream pollution is a growing evil harmful to 
health and industrial processing work, that the public and industries 
are seeking feasible and economic methods of reducing the evils and of 
maintaining them below the danger line. 


Newer Concepts of Some Base Exchange Properties of Soils. ADOLF 
MEBLICH. 
The base exchange capacity of soil was at first considered by some 
investigators to be a definite and fairly fixed property of each soil, 
while by others it was considered largely a function of its pH value. It 
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is, therefore, important to maintain a constant pH. This objective was 
hardly obtained with neutral salts but was found to be more adequate 
with hydrolyzed salts usually adjusted to approximately pH 7.0. 
Bases are absorbed, however, to an appreciable extent at values greater 
than pH 7.0. Titration of soils with such bases as NaOH have in 
general failed to reveal a definite end-point which could be considered a 
maximum base absorptive capacity. This phenomenon is explained by 
some investigators by assuming that soil colloids are of the nature of 
weak acids analogous to weak organic acids, notably amino acids. 

Maintaining a uniform concentration of barium ions but varying the 
concentration of hydroxyl ions, this writer found that a maximum ab- 
sorption of barium is obtained with different soils and some minerals. 
This maximum or cation exchange capacity was found to vary within 
different pH limits depending upon the nature of the soil. In the case 
of humic acid extracted from a peat, the cation exchange capacity 
constant was found to be near pH 6.0; for the peat, it was near pH 
7.0. The cation exchange capacity constant of minerals varied from 
about pH 7.0 (Chakazite) to about pH 9 (Kaolimite) and for the soils 
investigated, it varied from pH 7.4 to pH 9.1. A maximum absorption 
of the hydroxy] ions could, however, not be established for any of the 
soils and minerals studied. 

The nature of base or cation exchange capacity and exchangeable 
hydrogen is elucidated from the minerological, chemical and exchange 
adsorption concepts. 


Use of a Minicamera in Teaching Biology. L. J. GIEr. 

Possibilities were pointed out for using a 35 mm camera in making 
classroom helps. Film strips may be made by reversal of the film, or 
by contact printing, or may be projected in the form of negatives, es- 
pecially photomicrographs. If desired, the films may be cut and bound 
to form 2 x 2 slides, or enlarged onto standard size lantern slides or cut 
film of the proper size and bound to form slides. A few of each were 
demonstrated. 


Preliminary Survey of the Eastern Dare County Peat. B. W. WELLS. 
The tidewater peninsula in eastern North Carolina, lying between 
Albemarle Sound and the Pamlico River and Sound is one of the larger 
peat areas of the country, but one that is practically unknown. It is 
about one-half the size of the great Dismal Swamp to the north, being 
approximately a thousand square miles in extent. 
This preliminary survey was made on the newly opened road from 
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Engelhard to Manns Harbor. The eastern margin of the mainland 
discloses a maximum peat depth of 108 inches at a point 3 miles north 
of Stumpy Point and 14 miles inland. On the sound shore at Manns 
Harbor, the peat reached a depth of 144 inches, all lying below the high 
tide level. At the former inland station, pollen analysis indicated at 
the 4 ft. level the former dominance of Nyssa in contrast to the complete 
absence of swamp gums at the present time. Sedge and grass pollen 
was not found in the deeper layers in sufficient quantity to definitely 
indicate an earlier herbaceous flora similar to that found by Lewis and 
Cocke in the Dismal Swamp. South of Stumpy Point is an extensive 
area with Chamaecyparis logs thickly embedded in the surface peat. 

Over most of the area from 10-18 inches of peat has been destroyed by 
fire as indicated by root exposure of the older trees. Only the shallow 
permanent water table has prevented a greater loss. 

The fresh water peat stratum gives evidence of a continuous accumu- 
lation in conformity to a gradually rising water table correlated with 
the higher ocean levels of recent time. 


Life of the Pre-Cambrian. WituarpD BeErry. 

Some seven plausible theories have been advanced to explain the 
great scarcity of evidence of life in the Pre-Cambrian rocks as compared 
with the more abundant remains of life in the Cambrian and younger 
rocks. The author proposes a combination and modification of several 
of the pre-existing theories. The gist of his theory is that most of the 
now accessible Pre-Cambrian deposits were laid down in shallow land- 
locked areas, not necessarily fresh water but probably brackish and not 
freely connected with the open ocean, and due to the lack of food mate- 
rials washing off the continents these land-locked brackish water areas 
would therefore either be stagnant or else lacking in food to support any 
large population. When these shallow land-locked areas were ex- 
panded in the Cambrian they became a better habitat for the organisms 
which invaded them in large numbers from the open sea. The truly 
marine Pre-Cambrian was probably deposited outside the margin of 
our present land mass or else has been so metamorphosed that any 
inclosed fossils were completely destroyed. 


The Evolutionary Significance of Uniseruality in Plants. HEnry 


WILHELM JENSEN. 
Unlike the animal kingdom, the plants do not seem to have been able 


to establish the unisexual condition as a basic pattern for any significant 
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group. The dioecious condition is found often enough throughout the 
plant kingdom but only as a deviation from the hermaphroditic condi- 
tion which seems to be basic. There are several apparent reasons for 
this situation among which are to be considered such factors as struc- 
ture, locomotion, selection of mate, etc. Reasons are given for believing 
that the advent of the unisexual condition is a severe handicap to most 
races of plants and that it will therefore be restricted to groups of plants 
which may no longer contribute to the major evolutionary development 
of the kingdom. From a cytological point of view, the advent of the 
dioecious condition exposes a race of plants to additional hazards of 
hybridization and therefore the continuous introduction of alien proto- 
plasm. Asa result, the necessary periods of readjustment and increased 
fertility may be markedly shortened. Consequent to overhybridiza- 
tion, insufficient regenerative power seems to doom the dioecious race 
to eventual extinction and to prevent the race from contributing to the 
major evolutionary trends. Means of overcoming this obstacle have 
been developed by certain plants such as asexual means of reproduction, 
parthenogenesis, and various discriminatory apparatus against alien 
pollen or sperm. These in turn severely limit the race to insignificant 
contributions to the evolution of the main line. To say the least, it 
seems highly problematical whether the plant kingdom will at some 
future time be able to evolve a race which can overcome the existing 
difficulties. 

Lipids of the Duodenal Mucosa of Swine During Fat Absorption. Ray- 

MOND REISER. 

Fifteen swine, about seven months old and weighing about 225 
pounds, were fasted for approximately 48 hours. Five were killed in 
the fasting state, five 3 hours after ingesting 300 grams of cotton seed 
oil mixed with one pound of a standard feed, and five 5 hours after the 
ingestion of the same meal. The washed mucosa was scraped from the 
first meter of intestine and analyzed for the amounts of phospholipid, 
total and esterified cholesterol, free fatty acid and triglyceride fatty 
acid. 

In the fasting animal there were approximately 10 per cent phos- 
pholipid, 1.6 per cent total cholesterol, 0.4 per cent cholesterol ester, 
2.5 per cent free fatty acid and no triglyceride fatty acid, calculated 
on the dry basis. 

In the absorbing mucosa the free fatty acid increased to about 4.5 
per cent. Triglyceride fatty acid appeared to the extent of 1 to 3 per 
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cent in six of the absorbing animals but did not appear in the other 
four. The remaining constituents were unchanged. 

It is concluded that the changes noted histologically in the fat content 
of the mucosa of animals absorbing fat must be explained on the basis 
of changes in the physical organization rather than in the amount. 


Rapid Determination of Base Exchange Capacity and Exchangeable Hydro- 
gen of Soil. Apo.tr MEHLICH. 

A new method for the rapid determination of base exchange capacity 
and exchangeable hydrogen of soil has been described. The basis of 
greater rapidity compared to older methods is to be found in the utiliza- 
tion of a well buffered extracting medium, adjusted to a pH range within 
which exchange reactions are at an optimum and neutralization of ex- 
changeable hydrogen is more nearly complete. The buffer employed 
is triethanolamine, partially neutralized with hydrochloric acid and 
adjusted to about pH 8.3. The cation employed in conjunction with 
the triethanolamine buffer is barium and is added as barium chloride. 
The barium efficiently replaces other cations in soil as well as hydrogen 
ions which are held in exchangeable form by the soil colloids. The 
hydrogen thus replaced by the barium is neutralized by the hydroxy] 
ions of the triethanolamine buffer and equilibrium is quickly established. 

The procedure is briefly as follows: Five to twenty-five grams soil 
are shaken for ten minutes with 50 ml. of the barium chloride-triethanol- 
amine buffer (0.2 N in terms of Bat and 0.1 N in terms of oH-) filtered 
through Berkefeld filter cylinders washed with 50 ml. of distilled water 
and finally made up to a volume of 100 ml. The various soil properties 
are then determined in aliquots of this soil extract. 

The base exchange capacity is equivalent to the difference of the 
barium concentration before and after treatment of the soil. This 
measurement is accomplished rapidly by determining the barium volu- 
metrically using tetrahydroxyquinone as the indicator. The exchange- 
able hydrogen is determined by back titration of the buffer with 0.1 
N hydrochloric acid using methyl red and bromocresol green (ratio 
1:2) as the indicator. 


Rooting Cuttings of Shalil Peach. C. F. Wriutas. 

The Shalil peach has proved a valuable root stock because of its 
vigor and resistance to nematode. Because it is a shy bearer under 
most conditions, pits from which to grow seedling stocks have been 


scarce. 
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By the use of chemical treatments and controlled conditions as high 
as ninety-five per cent of both soft and hard wood cuttings have been 
rooted. Difficulty has been experienced in growing cuttings after root- 
ing, and this phase of the problem is still under investigation. 


The Occurrence of Deficient Kernels in Southern Corn Varieties. Pau 

H. Harvey. 

Large numbers of self-pollinated ears have been produced in Southern 
corn varieties by the N. C. Agricultural Experiment Station. Those 
ears which were visibly segregating for deficient kernels were counted 
in twenty varieties. The average percentage of segregating ears 
(6.16%) in ten yellow (endosperm) varieties was significantly lower than 
the average (8.80%) in ten white (endosperm) varieties. The per- 
centage of segregating ears varied from zero to 20.0 per cent in the 
different varieties. Variations in percentage of segregating ears be- 
tween varieties were significant in the yellow varieties but were not 
significant in the white varieties. 


Notes on the Leaf Anatomy of Some Southern Shrub-bog Plants.. Joseru 

P. McMenamin. 

An anatomical survey was made of twenty-two shrub-bog plants 
collected from two pocosins in the southeastern part of North Carolina. 
Eight of the species were deciduous; fourteen were evergreen. The 
Ericaceae family was represented by nine species. Ten of the plants 
in the study were those confined in distribution to the southeast Coastal 
Plain. Correlations derived from leaf comparisons were: that thick- 
leaved species are of the evergreen habit; large-lumened epidermal cells 
have little cutin; stomata are confined to the lower epidermis. Cori- 
aceous texture was found to result from a combination of structures: 
thick cutin and mesophyll, marginal supporting tissues, high lig- 
nification, increased fiber content, vertically transcurrent veins, and 
epidermal specializations. Striking uniformity in external form and 
appearance of these leaves gave way upon detailed anatomical analysis 
to great internal diversity. 


Notes on Septobasidium from Mezico (lantern). J. N. Coucu.! 
Up to the present time four species of Septobasidium and about the 
same number of collections have been recorded from Mexico. During 


1 This work was made possible by a grant from the Carnegie Corporation of 
New York. 
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the winter quarter 1940 the writer spent about two and one half months 
collecting Septobasidium in Mexico. A week or more was spent at each 
of the following cities during which time numerous collecting excursions 
were made out from these centers: Mexico City, Taxco, Cordoba, 
Jalapa, Oaxaca, Zitacuaro (two days) and Uruapan. On the way back 
a stop-over of one day was made at Tamazunchale for one trip into the 
mountains. On this trip over five hundred collections were made, many 
of which are new species. All of the collections were from living trees or 
shrubs and were associated with scale insects. Furthermore, a number 
of these were growing on citrus, mango, and other useful plants causing 
considerable damage. Preliminary studies on several of these species 
have brought to light additional information on the symbiotic relation- 
ship between these fungi and scale insects. 


Development of Adventitious Roots Inside the Trunk of Umbrella Catalpa. 

L. J. GIer. 

Adventitious roots were found to have developed from the scions of 
mature umbrella catalpa (C. bignonioides var. nana) trees. The roots 
grew inside the decayed heartwood of the trunk to a distance of about 
four feet from the densely matted crown. Most of the roots had been 
produced within the last two years. 


Persistent Root Hairs of Dionaea muscipula, Venus’ Fly-trap. Ivan 

V. SHUNK. 

The root hairs of Dionaea muscipula are persistent for months and on 
into the second year. They are brownish in color with a moderately 
thickened wall. Tests for the presence of lignin in the wall using 
phloroglucin and hydrochloric acid and likewise tests for lignin made by 
using the Maule method, failed to show any lignification. The wall is 
composed partly of cellulose but the cellulose is so encrusted with some 
other material as to be insoluble in copper oxide ammonia or 72% 
sulfuric acid. The brownish material in the root hair walls may be 
removed by soaking in commercial Chlorox solution after which the 
wall gives a characteristic test for cellulose. Root hairs of apparently 
similar structure were found also on Drosera rotundifolia. 


Field Plot Technique for Peanuts. H. F. Rosrnson anv Paut H. Har- 


VEY. 
A study was made to determine the optimum size and shape of plot 


and the number of replications to be used in peanut variety tests. The 
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material for the study was taken from a field uniformly planted to Vir- 
ginia bunch type peanuts. Fisher’s analysis of variance was used in 
analyzing these data and eight different size and shape plots were 
studied. The statistical values determined for each size and shape plot 
were the coefficient of variability, necessary difference between varieties 
for significance, and the number of replications of each variety necessary 
to demonstrate any degree of precision. The relative efficiency in the 
use of land of each size plot was determined. A twenty-five foot, three 
row plot, replicated eight times appeared most satisfactory to be used 
in peanut variety testing. 


Soapstone Deposits in Wake County. J. L.Sruckry anv D. R. Grorce. 

Soapstone deposits occur over a wide area in northern Wake County 
in association with crystalline rocks of pre-Cambrian age. These 
rocks consist of mica schist, graphite schist, quartzitic gneiss and horn- 
blende gneiss all of which strike N 15’ 20° E and dip steeply toward the 
southeast. 

The soapstone deposits all appear concordant with the country rock 
and occur generally in two distinct forms: (1) Laminated-and dike- 
like masses; (2) Large, irregular, lenticular, lobate masses. Of these 
two types only the latter is of any importance. The soapstone bodies 
consist of soapstone, tale schist, chlaritite, hornblendite, serpentine and 
chromate. The mineralogy of these rocks is similar to that of other 
regions, with the additions of small amounts of tourmaline at a few 
localities. The microscope shows the order of crystallization to be 
tourmaline, hornblende, epidote, actinolite, tremolite, magnetite, 
chlorite, talc, carbonate. This order, together with the occurrence, 
form, and relationship of the minerals indicates that the rocks were 
originally pyroxemites and peridotite which have been altered by 
hydrothermal solutions and deuteric action. The solutions, probably 
containing carbon dioxide and silica had a temperature characteristic 
of the mesothermal zone. Alteration of these rocks probably took 
place during the carboniferous time by solutions derived from granite 
of that age. Examination of many deposits indicates that several 
hundred thousand tons of commercial soapstone and talc are available. 


Triassic Spores. WiLLarRD BERRY. 

In the Triassic Coal from near Gulf there are abundant spores or 
“grains” which can be extracted from the coal. They show a larger 
proportion of ferns than do the larger fossils which have more cycad 
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impressions. Some twelve different spores have been discovered. 
These are largely fern types with a pronounced lack of cycad remains. 
Several pieces of epidermis have been found showing apparent stomata. 


Notes on the Ducktown Basin. C. H. Bronson. 

This paper consists primarily of abstracts from some of the volu- 
minous literature that has been written on the Ducktown basin. An 
attempt is made both to present a brief description of the geology, and 
to bring up to date the information on the mining methods employed 
in this vicinity. 


Geologic Problems of Western North Carolina. Grorrrey W. CRIcK- 

MAY. 

The following are some of the larger geologic problems of western 
North Carolina here reviewed. Their solution will involve much detail 
work but, at the same time, will shed light on the general geology of the 
entire southern Appalachians. These are therefore interesting and 
profitable fields for geologic research. 

(1) The age of the so-called semi-crystalline rocks exposed along the 
eastern flank of the Great Smoky Mountains. More particularly, is 
the Great Smoky and associated formations Cambrian and correlative 
with the Ocoee and Chilhowee series, or are they pre-Cambrian and 
equivalent to part of the Carolina series? 

(2) The age and structural relations of the Brevard Schist. Is the 
lithology of this schist determined by its position along a major fault, 
or is it a stratigraphic unit? What relationship exists between the 
Brevard Schist and the supposed Paleozoic rocks north of Marion? 

(3) Correlation of the Carolina series with the metamorphic rocks of 
Virginia and Maryland. What parts of the Carolina series are equiv- 
alent to the Lynchburg gneiss, what parts equivalent to the Gienarm 
series? What criteria are to be used in subdividing this immense series? 

(4) Relation of structural detail to major structures. To what ex- 
tent can the position and attitude of secondary cleavage, small folds, 
and linear cleavage or fluting’ be used to decipher the larger ‘structural 
pattern? ' 

(5) The origin and structure of granite gneiss. Are the granite 
gneisses primary or secondary gneisses? Are the intrusive bodies true 
batholiths or phacoliths? What is the age of the intrusives, or more 
pertinently, what is the relation between injection and metamorphism? 
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Thermal Properties of Massive Topaz. J. L. Stuckey anv J. J. AMERO. 

A preliminary investigation was made to determine the effect of 
heating on the physical properties and mineralogical composition of 
massive topaz from the Brewer Mine, situated three miles northeast of 
Jefferson, Chesterfield County, South Carolina. Samples of finely 
ground topaz were heated at 100°C intervals between 200° and 1600°C, 
for 10-hour periods. The greatest change in physical properties oc- 
curred between 850° and 900°C when the loss in weight increased from 
3.06 to 12.87 per cent accompanied by a decrease in true specific gravity 
from 3.364 to 3.085. At 1300°C, and above little change in these two 
properties took place; the total loss in weight amounting to approxi- 
mately 16 per cent and the true specific gravity remaining close to 3.00. 
Thermal expansion of the crude topaz amounted to 1.21 per cent at 
1200°C, of which 0.758 per cent was permanent. 

Examination of the heated samples by means of the polarizing micro- 
scope and X-ray diffraction pattern showed that mullite was the prin- 
cipal phase present in samples heated to above 1100°C, and that the 
conversion was practically complete at 1600°C. The color of the un- 
fired ground topaz was buff to light brown, and remained the same to 
850°C. At 900°C, however, and above the material fired to a pure 
white. Chemical analyses of fired samples showed there was a loss 
of silica and iron on heating. 

It is believed that the mineral has possibilities as a refractory or to 
replace andalusite and dumortierite in spark plug bodies. 


Notes on the Geologic Section at the Natural Well near Magnolia, N. C. 

J. W. Hupp.e. 

The Natural Wells in Duplin County are peculiar sink holes and have 
long attracted attention. The Natural Well about two miles south- 
west of Magnolia is famous as a collecting locality for fossil mollusca. 
The formations exposed in this sink include 5-10’ of Pleistocene sand, 
3-4’ or shell marl and about 14’ of light green calcareous and argillaceous 
sand with interbedded calcareous sandstones. The Pleistocene sands 
rest unconformably on the shell marl, and the shell marl rests uncon- 
formably on the light green sands. It is the light green formation which 
makes the nearly vertical wall of the sink hole. Fossils were collected 
from the shell marl as early as 1840 and listed by T. A. Conrad in 1841. 
Since that time the shell marl has been considered Miocene and repre- 
sents the type section of the Duplin formation. The light green sands 
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were regarded by Kerr in 1875 as Eocene, apparently on the basis of 
lithology. In 1912 B. L. Miller referred these light green sands to the 
Miocene Duplin formation. Microfossils from the light green sand 
have been studied by R. A. Edwards, S. D. Broadhurst, J. R. Clair and 
the writer. Preliminary identifications of ostracods (by Edwards) and 
foraminifera indicate an Eocene, probably Jackson age for the light 
green sand. The Duplin formation is therefore only 3-4’ thick. The 
thinness of the Duplin formation in the type section and the absence of 
the formation at some of the neighboring localities show that it is 
probably less extensive than is indicated on the 1932 geologic map of 
United States and the 1937 geologic map of North Carolina. 


Continuity of Semi-Continuous Collections. J.H. RoBErts. 

Suppose M is a metric space and G is a collection of mutually ex- 
clusive closed sets filling S. The collection G is said to be upper semi- 
continuous at the element g of G, provided that if gi, ge, gs,- - -are elements 
of G and the lower limit of g, intersects g, then the upper limit of 
gn is a subset of g. The collection G is continuous at g if under the 
above conditions the upper limit of g, is not merely a subset of g, but 
is actually identical to g. The collection G is said to be upper semi- 
continuous if it has this property at each of its elements. There is a 
natural topology for such a collection G induced by the space S. The 
following theorems are proved: 

THEOREM 1. If S is complete and G is upper semi-continuous, then 
there is a dense inner limiting subcollection G; of G such that G is 
continuous at every element of Gi. 

THEOREM 2. If S is complete, G is upper semi-continuous, and there 
is an integer n such that every element of G consists of exactly n points, 
then there is a dense open subset G, of G such that G is continuous at 
every element of Gi. 


An Upper Limit for the Species of Pfaffian Systems. Witi1am Mc- 

GAVOCcK. 

A brief section of this paper is devoted to definitions of a Pfaffian 
system and several arithmetic invariants of such a system, including in 
particular the species. Reference is made to two theorems proved by 
the reader of the paper in an article soon to appear in the Duke Mathe- 
matical Journal. These theorems are then applied to a particular 
Pfaffian system and an upper limit for the species of this system is ob- 
tained. It is then pointed out that the generalization of the method 
presents no difficulties. 
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Units, Dimensions and Physical Meaning. M. H. Hess anpv J. C. 
Movzon. 
The general subject of the dimensions of a physical quantity in dif- 
ferent systems of units is discussed. 


The Functions of Tests in the Teaching of General Physics. C. W. Ep- 

WARDS. 

A properly devised test gives valuable information concerning the 
character of the course as given, the success of the teacher in presenting 
the subject matter selected and especially concerning the ‘“‘skills’’ and 
“informations” acquired by the student as the result of his efforts in 
following the course. 

The type of tests best adapted to achieve these ends is discussed and 
various tests as given in some of the leading institutions of America are 
exhibited. 


Raman Spectra of Gaseous Mono- and Dichlorobenzenes. H.SPONER AND 

J. 8. Kirpy-Smirua. 

Raman spectra have been taken of CsHsCl, 0-, m-, p-CsHyCl, vapor 
with a 3 prism Zeiss instrument using as exciting lines Hg \ 4047 and 
4358. Pressures between 1 and 3 atmospheres were used. Only lines 
appearing strongly in the liquid were observed in the gas. Assignments 
of these lines to modes of vibration are proposed in connection with a 
discussion of these vibrations in comparison to those of benzene. 


Measurements on Magnetic Impurities in Metals. F. W. Constant, 

R. E. Farres, anp H. E. LENANDER. 

By suspending a solid specimen by a quartz fiber in a weak magnetic 
field a very minute amount of ferromagnetic impurity may be detected. 
Using samples of copper and silver wires and of brass rods measurements 
have been made on the magnetism present in these specimens before 
and after heat treatment. In the case of copper, annealing for three 
hours at 800°C leaves the specimen completely non-magnetic; this is 
attributed to a recrystallization process whereby magnetic iron present 
is transformed into a non-magnetic form. In the case of brass and 
silver, annealing greatly reduced but did not eliminate the magnetism 
entirely. 


Effects of Different Distractions on Different Complezxities of Work. 


Joun F. DASsHIELL. 
In an earlier paper before the Academy the impeding influence on 
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performance of a task of rapid shifts of mental set within the task itself, 
was demonstrated. In the study now reported, the influence of shifts 
on mental set as determined by the character of the distraction was 
examined. The hearing of melodies frequently interrupting each other, 
as contrasted with the hearing of a single melody throughout each work 
period, did not impede simple occupations (adding, subtracting, etc.) 
but did impede somewhat operations demanding attentive problem solv- 
ing (arithmetical problems, complex directions, complex number pro- 
gressions). This impeding effect was much more noticeable with in- 
dividuals possessing good knowledge of music. 


Characteristics of Conditioned Response in Cretinous Rats. GARRETT 

W. Morrison AND BERT CUNNINGHAM. 

The conditioned responses of three groups of animals, cretinous, medi- 
cated cretinous, and normal, were studied in an attempt to determine 
whether or not differences exist between the responses of animals suf- 
fering from congenital thyroid deficiency and animals suffering from a 
surgically produced deficiency. The cretinous animals used in the two 
experimental groups, the cretinous and the medicated cretinous, were 
obtained from the prior investigation by Cunningham and Harris on 
the artificial production of congenital thyroid deficiency in rats. Com- 
paring the three groups on the basis of speed of acquisition and the 
shape of the learning curve it appears that there is a significant difference 
between the cretinous animals and those of the medicated cretinous and 
normal groups. The cretinous animals failed to establish the response 
in fifty per cent of the cases while the medicated cretinous all established 
the response in a somewhat smaller number of trials than did the mem- 
bers of the normal group. The normal animals present a much smoother 
learning curve than do the animals of either of the other groups with the 
medicated cretinous animals giving a slightly smoother curve than the 
completely cretinous animals. The medicated cretinous animals show 
a rapid initial rise in the number of conditioned responses per session 
which is not present in either the normal or the cretinous group. The 
results are discussed in the light of evidence from previous investigations 
on the responses of surgically produced thyroid deficient animals. 


Factor Analysis of Measurements of Hunger Drive in Rats. D. K. 


ADAMS AND L. H. Beck. 
Fourteen rats were subjected to three types of situation designed to 
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measure food hunger motivation after 12, 18, 24, and 30 hours of food 
deprivation. The three situations were (1) presence of food outside a 
long narrow cage in which the rat was confined; (2) pulling in an in- 
definite amount of string against no resistance; and (3) pulling a string 
attached to a string balance. All animals were accustomed to obtain 
food by pulling in strings. These three situations yielded 15 measure- 
ments at each of the fast periods used. 

The results for the 12 hour period were intercorrelated by the method 
of rank differences and the correlations subjected to the Thurstone Cen- 
troid Method of Factor Analysis. This analysis indicated that the 
measurements showing the greatest independence of each other referred 
to (1) goal-directedness; (2) perseverance; (3) force. But since the 
original factor loading shows a correlation of .45 between force and per- 
severance, it is evident that these two factors are not independent of 
each other. The present analysis, then, goes no further than a dif- 
ferentiation of goal-directedness and a complex involving perseverance 
and force. 


The Occurrence and Development of a Hyperparasite, Urosporidium 
crescens sp. nov. (Sporozoa, Haplosporidia), Which Infests the Meta- 
cercariae of Spelotrema nicolli, Parasitic in Callinectes sapidus. Wu- 
LIAM E. DeTurk. 

Thirty-two per cent of 120 blue crabs at Beaufort, North Carolina, 
contained infested metacercariae. The extent of infestation of meta- 
cercariae by sporozoans was not determined. On several occasions, 
however, 1000 to 1300 cysts were removed from a single crab, and 75 
to 100 were not uncommon, so that the infestation must be quite high. 

Development in the metacercariae involves the formation of plas- 
modia. These enlarge and the nuclei divide mitotically. The plas- 
modia vacuolate forming a large central vacuole surrounded by periph- 
eral cytoplasm which undergoes plasmotomy to form uninucleate 
sporoblasts surrounded by the membrane of the plasmodium. A dark 
staining crescent appears in the cytoplasm of the sporoblast, and 
apparently from this a crescentic sporozoite is formed. Each spore 
consists of a single sporozoite surrounded by a double spore wall. The 
inner spore wall is thick and spherical; the outer thin with a long tapering 
caudal filament. At the end opposite the caudal filament is a micropyle 
without a valve. Mature spores in fresh preparations vary from 10.65 
to 13.30 micra in length, and the diameter of the inner spore wall varies 
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from 4.97 to 5.68 micra. They remain within the membrane of the 
original plasmodium and are produced in such numbers that the host 
tissue is often completely destroyed. 

The trematodes probably become infested prior to the metacarial 
stage. 

The presence of spores each of which is provided with a double spore 
wall, a single caudal filament, and a micropyle without a valve places 
this haplosporidian in the genus Urosporidium. Crescentic sporozoites, 
absence of a longitudinal ridge on the spore wall, and an irregular 
arrangement of the spores within the plasmodia differentiate Uro- 
sporidium crescens from U. fulginosum Caullery and Mesnil, 1905, the 
only other species belonging to the genus. 


The Preparation and Characterization of Some Aliphatic Mercaptans. 
S. B. Kyieut, Davidson College, anp R. W. Bost, University of 
North Carolina. 

The straight chain mercaptan derivatives of n-heptane have been 
prepared from the corresponding heptyl alcohols by first changing the 
alcohols into the bromides and then converting the bromides into the 
corresponding mercaptans by means of sodium hydrosulfide in a solution 
of absolute alcohol. 

The mercaptans may be characterized by reaction with 2-4 dinitro- 
chlorobenzene to form thioethers. These derivatives are easily formed 
and purified, and they have sharp melting points. On oxidation, the 
thioethers form sulfones which again may be easily purified and have 
sharp melting points. 

The 3-heptyl mercaptan (heptanethiol-3) is unreported in the litera- 
ture as are the thioethers and sulfones of all of the straight chain heptyl 


mercaptans. 
Bert CUNNINGHAM, Secretary. 
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PROCEEDINGS OF THE ELISHA MITCHELL 
SCIENTIFIC SOCIETY 


OcToBER 10, 1939, To May 14, 1940 


394TH MEETING, OcTOBER 10, 1939 


. D. Bocuse: Recent Knowledge of Chromosome Structure. Illustrated. 
. H. Lyppane: Fission of Heaby Nuclei. 


pe) 


395TH MEETING, NOVEMBER 14, 1939 


H. D. Bruner: The Antipernicious Anemia Principle. 
W. F. Prouty: Some T. V. A. Dam Sites. 


396TH MEETING, DECEMBER 12, 1939 


R. F. Poote: Some Important Plant Diseases, their Symptoms and Causes. 
Illustrated. 


397TH MEETING, JANUARY 9, 1940 


RayMonp Apams: Transcendental Science. 
W. L. Fiemine: Preservation of Spirochaetes and Filtrable Viruses by a 
Freezing Method. 


398TH MEETING, Fesruary 13, 1940 


E. C. Puiske: The Origin of Mammalian Germ Cells. 
J. E. Macorrtn: Influence of Electrolytes on Ballo-electric Effect. 


399TH Meetine, Marca 12, 1940 


A. T. Miuurr: Adaptation to Carbon Dioxide. 
D. P. Coste.Lo: Experiments on the Cleavage-mosaic in the egg of Nereis. 


E. B. Wilson in 1904 demonstrated that the development of the 
annelid Lanice as well as of the molluscs Dentalium and Patella could 
be regarded as a mosaic-work of self-differentiating cells. Preliminary 
experiments, performed during the summer of 1939 on the development 
of isolated blastomeres of the eggs of Nereis limbata, contribute further 
to this problem. The vitelline membranes of the eggs of Nereis were 
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removed shortly after insemination by a method previously described. 
The blastomeres were separated by hand with micro-needles at the two-, 
four-, and eight-cell stage, and their development followed in isolation 
culture. The CD (posterior) cell develops (in the best of 140 operated 
cases) into a partial trochophore with prototrochal cilia, two oil drops, 
prototrochal pigment, anal pigment, and one (rarely two) eyespots. 
The development of the AB (anterior) cell contrasts sharply with that 
of the posterior. These embryos (140 isolations) likewise produce a 
prototroch, and very rarely a small patch of prototrochal pigment, but 
none developed a definite eye, although there was one doubtful case. 
If the blastomeres are separated at the four-cell stage, all four develop 
a partial band of prototrochal cilia. Prototrochal pigment and an eye- 
spot were found only in C or D quarter embryos. At the eight-cell 
stage any isolated micromere may develop prototrochal cilia and rarely 
certain micromeres develop a small amount of prototrochal pigment or 
an eyespot. The isolated macromeres never become ciliated, and de- 
velop neither pigment nor eyespots. This indicates that the proto- 
trochal material is segregated into the micromere region before the third 
cleavage, as would be expected from the cell-lineage of this form. 


At this meeting H. R. Totten called the attention of the Society to the 
fact that the secretary’s book, containing the constitution and proceed- 
ings of the Society, is now full and that the Society has authorized the 
purchase of a new book and that the old book (1883-1940) is to be 
deposited in the vault of the University library. He also mentioned 
that from time to time modifications have been made in the constitution 
and in the regulations of the Society and that these have never been 
brought together, that there is little doubt but that some of the changes 
were never entered in the book, and that at times we have not known 
whether we were. proceeding according to the constitution of the Society 
or only by custom and tradition. He then moved that the president 
appoint a Constitution Committee for a redrafting of the constitution, 
the committee to report to the Society at the April or at the May meet- 
ing or at a special Constitutional Convention meeting of the Society to 
be held before the end of the 1939-40 school year for the adoption or 
further revision of the committee’s report. 

The above motion was carried. The president appointed to the 
Constitution Committee: H. R. Totten, chairman, H. D. Crockford, 
and J. E. Magoffin. 
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400TH Meetine, Aprit 9, 1940 


R. L. Hotman: Experimental Vascular Lesions in Dogs. 
ARCHIBALD HEenpERSON: The Elisha Mitchell Scientific Society: Retro- 
spect and Prospect. 


401st Mrrtine, May 14, 1940 


R. J. WHEerRRy: Analysis of Learning Criteria. 


The following officers were elected for the year 1940-41: 

President—E. K. Plyler. 

Vice-President—M. L. Jacobs. 

Secretary-Treasurer—J. W. Huddle. 

Board of Editors— 

W. C. Coker, Editor in Chief 
C. D. Beers 

Otto Stuhlman 

E. T. Browne, ex officio. 

It was in conformity with the report of the Constitution Committee 
(see below) that E. T. Browne, who is Corresponding Secretary of the 
Society, was added to the editorial board. 

The Constitution Committee submitted a draft of a revised constitu- 
tion, which after discussion and slight modifications was adopted in the 
form given below. 


PREAMBLE TO THE CONSTITUTION OF THE ELISHA MITCHELL SCIENTIFIC 
SOCIETY 


Excerpt from a circular sent out by the founders of the Society in 1883, 
and signed by K. P. Battle, T. W. Harris, J. S. Manning, E. A. de 
Schweinitz, J. M. Manning, J. W. Gore, J. A. Holmes, F. P. Venable, 
R. H. Graves, and W. B. Phillips. 

“‘More thorough scientific training and increased interest in scientific 
work is a clearly felt want in the State. The building of a true spirit 
of scientific research cannot be effected all at once, but it is believed 
that the formation of a Scientific Society, thus bringing about a union 
of strength and effort, will aid greatly in increasing the zeal of those 
already at work and arousing the interest of others. We have thought 
it well then to send out this plan of organization of such a Society, hop- 
ing to enlist in the cause those to whom this paper is sent. 

“No more appropriate name could be chosen than that of the ‘Mitchell 
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Society.’ If the Society flourishes it will be one of the few memorials 

left of that great worker at the scene of his labors. It is a name that 

breathes a spirit of indefatigable zeal, patience and perseverance—a 

spirit that must be emulated if this undertaking is to be carried out to 

success. 

“The Objects of the foundation of the Society are: 

Ist The cultivation of an interest in Natural History and general 
scientific subjects. 

2nd The encouragement of individual workers, who isolated as they 
are at present, with no one of congenial pursuits to turn to for 
advice or encouragement, are apt to become disheartened or in- 
different and give up their work. 

3rd Increase knowledge of the State and its resources. 

4th Building up of smaller local Societies. 

5th Collection of Specimens.” 


CONSTITUTION 
Name 
This Society shall be known as the Elisha Mitchell Scientific Society. 


Members 


There shall be three classes of members: Honorary, Regular, and 
Associate. 

Honorary Members: These shall be nominated by the Executive Com- 
mittee and must receive a three-fourths vote of the regular members 
present at the time of the annual election of officers or at the regular 
time for the election of members. They shall not be required to con- 
tribute to the funds of the Society. They shall receive notices of meet- 
ings and the publications of the Society. 

Regular Members: These shall be nominated by at least three regular 
members and must receive a three-fourths vote of the regular members 
present at the meeting appointed for election. They must live within 
commuting distance of Chapel Hill and shall hold the rank in the Uni- 
versity of instructor or higher, or if not connected with the University 
their maturity or position shall be the equivalent of that of an in- 
structor or higher. Should the question of eligibility arise, it shall be 
referred to the Executive Committee for consideration and settlement. 
Regular members shall pay the annual fees prescribed by the Society. 
They shall receive notices of the meetings and copies of the publications 
of the Society. They shall have the privilege of voting at all the elec- 
tions of the Society and of holding any of its offices. 
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If a Regular Member shall have paid no fees for one year and three 
months, his name shall be stricken from the list of members, and he 
cannot be reelected a member until his past dues are paid. If a Regular 
Member not on leave moves beyond commuting distance, his name 
shall be placed upon the Inactive List of the Society. He shall then 
pay no dues and receive no notices of the meetings nor the publications. 

Associate Members: Graduate students of the University with rank 
less than that of an instructor, assistants, and seniors or students in 
the scientific professional schools with collegiate records of unusual 
excellence are eligible for Associate Membership. Each shall be nomi- 
nated by a Regular Member of the Society from his department or 
school of major work. Upon receiving a three-fourths vote of the 
regular members present at the meeting appointed for election and after 
signifying acceptance by paying the fees prescribed by the Society, 
he shall be declared an Associate Member. Such election is for a 
period of one year only. However, there is no limit to the number of 
times he may be reelected to Associate Membership. Associate mem- 
bers shall receive notices of the meetings but shall not have the privilege 
of voting nor holding office. Any Associate Member may receive the 
publication of the Society after notifying the Secretary-Treasurer of 
his desire to do so and upon the payment of an annual fee equal to that 
paid by a Regular Member. 


Election of Officers 


At least one month before the May meeting the president shall appoint 
a nominating committee of three Regular Members. The Nominating 
Comittee will report a list of nominees at the May meeting of the 
Society; any further nominations will then be in order from the floor, 
and the Society will proceed to the election. 

Officers: The officers shall be a President, a Vice-President, a Corre- 
sponding Secretary, and a Recording Secretary and Treasurer, and 
an Executive Committee. 

President: The President shall preside at the meetings of the Society. 
He shall be the chairman of the Executive Committee. He shall draw 
up an address for the members to be delivered at the annual meeting 
of the Society in May. He shall be a Regular Member of the Society. 
He shall be elected for a period of one year and shall be eligible for 
reelection one year after his term expires. 

Vice-President: The Vice-President shall preside over the meetings 
in the absence of the President. He shall arrange the programs for 
the Society. He shall be a member of the Executive Committee. He 
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shall be elected for a period of one year and shall be eligible for reelection 
one year after his term expires. 

Corresponding Secretary: The Corresponding Secretary shall be the 
medium of communication between this Society and other organiza- 
tions. He shall be a member of the Editorial Board and of the Execu- 
tive Committee. He shall be a Regular Member of the Society. He 
shall be elected for a five year period and shall be eligible for immediate 
reelection. 

Recording Secretary: The Recording Secretary shall record the pro- 
ceedings of the Society in the Minute Book of the Society and shall 
prepare a record of yearly proceedings for publication in the Journal of 
the Elisha Mitchell Scientific Society. He shall keep a roll of members 
of the Society. He shall receive from the Vice-President the program 
of each meeting, and shall send notices of meetings to all members of 
the Society; and for all meetings open to the public he shall give public 
notice by the use of the Weekly Bulletin and posters and (or) shall send 
a notice of the coming meeting to the Daily Tar Heel (the students’ 
paper) and to at least one other daily or weekly paper. He shall be a 
Regular Member of the Society. He shall be elected for a period of 
two years, and he shall be eligible for immediate reelection. 

Treasurer: The Treasurer shall receive all money due the Society and 
shall pay out such sums necessary to meet the obligations incurred by 
the Society. He shall keep an account of such receipts and disburse- 
ments and shall make an annual report to the Society. His accounts 
shall be audited by an auditing committee appointed by the President, 
consisting of at least two regular members of the Society. He shall 
be a member of the Executive Committee. He shall be a Regular 
Member of the Society. He shall be appointed for a period of two 
years, and he shall be eligible for immediate reelection. 

The offices of Secretary and Treasurer shall be held by one person. 

Editorial Board: The Editorial Board shall consist of an Editor-in- 
Chief and three Associate Editors. All members of the Board shall 
be Regular Members of the Society and one of the members shall be 
the Corresponding Secretary of the Society. They shall be elected for 
a five year period, but shall be eligible for immediate reelection. 

The duties of the Editorial Board are to select and edit papers for 
publication in the Journal of the Elisha Mitchell Scientific Society, to 
cooperate with the Administration of the University, and if need be 
with other organizations and individuals for the financing, printing, 
and distribution of the Journal, and to use the Journal as a medium of 
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exchange for the securing for the University as many worthy scientific 
publications as possible. 

Executive Committee: This committee shall consist of the President, 
as Chairman, the Vice-President, the Corresponding Secretary, the 
Recording Secretary-Treasurer, and the members of the Editorial Board, 
and the most recent past president. The Executive Committee shall 
meet at least twice during the year—once in the early fall and once in 
the spring to plan and to review the work of the Society and, when 
thought needful, to prepare recommendations to present to the Society 
for the furtherance of the aims of the Society or for the revision of its 
Constitution. The Executive Committee may call special meetings 
of the Society. The Executive Committee may nominate worthy 
persons for Honorary Membership. The Executive Committee shall 
elect an officer to complete the term of an office left vacant except the 
offices of President and Vice-President. Should the office of President 
be vacated after the first fall meeting in any year, the Vice-President 
will carry on the duties of the President in addition to his duties as 
Vice-President. Should the office of the Vice-President become vacant, 
the Recording Secretary will carry on the duties of the Vice-President 
until the election of a new Vice-President of the Society after nomina- 
tion by the Executive Committee. At all meetings of the Executive 
Committee five shall constitute a quorum. 


Meetings 


There shall be an annual meeting of the Society for the election of 
officers and reports of retiring officers. This meeting shall be held 
during the month of May, and one week’s notice of it must be given 
by the Secretary. 

There shall be monthly scientific meetings, at which time scientific 
papers or lectures will be delivered on subjects of general interest and 
(or) reports of progress in the various branches of science and (or) brief 
biographies of distinguished men. Special meetings may be called by 
the Executive Committee whenever it is thought advisable by the Com- 
mittee. The Active members present at any properly called meeting 
shall constitute a quorum. The Executive Committee may authorize 
the expenditure of funds from the Treasury toward the expenses and 
entertainment of visiting speakers. 

Fees: The annual fee for Regular Members shall be one dollar. 

The annual fee for Associate Members shall be twenty-five cents 
(one dollar for those desiring the Journal). 
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Journal: The official organ of the Society shall be the Journal of the 
Elisha Mitchell Scientific Society. Each year the Journal shall publish 
the Proceedings of the Society. All other matters relating to the Jour- 
nal, excepting the amount of funds to be paid from the treasury to the 
Journal, shall be left to the Editorial Committee. 

Amendments: This Constitution may be amended at any meeting 
of the Society, provided that proposed amendments arise in the Execu- 
tive Committee or shall have been submitted to the Executive Com- 
mittee at least one month before action is to be taken by the Society; 
and provided further that regular members are notified at least one 
week before the meeting that it is to be voted upon by the Society; and 
provided that a proposed amendment approved by the Executive Com- 
mittee shall receive a two-thirds vote of the Regular Members present 
at the Society meeting; or provided that a proposed amendment not 
approved by the Executive Committee, after having been submitted to 
and considered by that Committee, receive a three-fourths vote of the 
Regular Members present at the meeting of the Society. 

H. R. Totren, Chairman 
H. D. Crockrorp 
JaMEs E. MAGOFFIN 
Committee for Redrafting the Constitution. 











PSEUDOPLASMODIUM FORMATION AND ORGANIZATION 
IN DICTYOSTELIUM DISCOIDEUM* 


By KeEnNeETH B. RAPER 
TWELVE TExT FIGURES 


INTRODUCTION 


The Dictyostelia and related slime molds are of interest to biologists 
because of their apparent position near the boundary of the plant and 
animal kingdoms, but more particularly because of their singular 
developmental history. This is characterized by an abrupt separation 
into vegetative and fruiting phases. Their vegetative stage consists 
in the independent feeding, growth, and multiplication of small amoe- 
boid cells, or myxamoebae; whereas their fruiting stage is marked by the 
congregation of these amoeboids into communal organizations, termed 
pseudoplasmodia, which give rise to unit fruiting structures, or sdrocarps, 
of consistent and specific patterns. 

In describing Dictyostelium mucoroides, the first described and most 
common species of the group, Brefeld (2) observed the aggregation of 
myxamoebae, but reported them as fusing into a true plasmodium prior 
to producing a fruiting structure. The accuracy of this interpretation 
was subsequently challenged by Van Tieghem (22), who observed that 
the myxamoebae formed not a true plasmodium but a “plasmode 
agrégé”’ in which contributing individuals retained their identity at all 
times. The correctness of his view was soon verified by Brefeld (3) 
in a comparative study of D. mucoroides and the allied new genus and 
species Polysphondylium violaceum. For the aggregate of myxamoebae 
Brefeld employed the terms “‘scheinplasmodium” and “‘pseudoplasmo- 
dium,” the latter of which has been generally used by subsequent 


* Certain phases of the present work were completed at Harvard University 
and the results included in a doctoral thesis, 1936. The greater portion of the 
work was performed subsequently in the Division of Soil Microbiology, United 
States Department of Agriculture. The writer wishes to acknowledge his in- 
debtedness to Dr. Charles Thom, in charge of the Division of Soil Microbiology, 
and to Dr. William H. Weston, Professor of Cryptogamic Botany at Harvard 
University, for their valued counsel during the progress of the work. 
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Fic. 1. Diagrammatic representation of the developmental cycle of Dictyos- 
telium discoideum. A-C, spore germination; D-El, vegetative stage, myxa- 
moebae ingesting and digesting bacteria; F, developing pseudoplasmodium; F1, 
detail of a pseudoplasmodial stream; G-I, progressive aggregation of myxamoebae 
into a compact body; J-K, migrating pseudoplasmodium; I-O, cessation of migra- 
tion and collection of myxamoebae into a rounded, apiculate body; O1, longi- 
tudinal section of O; P-U, progressive stages in sorocarp formation shown in 
longitudinal section; Am, undifferentiated myxamoebae, St., stalk, and Sp., 
spores; R and RI, forms assumed by the developing sorocarp. The cycle is 
normally completed in 2 to 2} days. 
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workers. Detailed studies of the fruiting process in D. mucoroides have 
since been made by Potts (13), Harper (5) and Arndt (1); while less 
extensive studies have been made by Nadson (9), Pinoy (12), Sku- 
pienski (21), Oehler (10) and Schuckmann (19, 20). Polysphondylium 
violaceum has likewise received thorough examination by Harper (6, 7). 
Olive (11) included all known species of the two genera in his compre- 
hensive study of the Acrasieae, and called attention to the basic simi- 
larity in their fruiting processes. These studies adequately present the 
developmental history of the group from a descriptive standpoint. 
Little information, however, is available concerning the cause of aggre- 
gation, and almost nothing is known regarding the organization of the 
coéperating myxamoebae, either during their progressive integration 
in the pseudoplasmodium to form a functional unit, or their subsequent 
differentiation in the fructification to form a structural whole. 

Dictyostelium discoideum is, because of its unique migrating pseudo- 
plasmodia, exceptionally favorable for studying the organization of 
myxamoebae in their fruiting phase. In addition, it affords unparal- 
leled material with which to study the controversial question of whether 
myxamoebae in the fruiting phase can revert to vegetative growth 
(ef. Van Tieghem, 22, and Olive, 11). The present work represents 
the fifth in a series of studies upon the growth and development of 
Dictyostelium discoideum Raper. In a very real sense it rests upon the 
background provided by the four preceding investigations, involving, 
first, a knowledge of the developmental cycle of the species (14), second, 
a thorough understanding of the relationship between the Dictyo- 
stelium and the bacteria accompanying it (15, 17), and finally a careful 
measurement of the influence of cultural conditions upon the growth 
and behavior of the slime mold (16). 


MATERIALS AND METHODS 


The conditions under which’ any microérganism is cultivated are 
important, but they have the greatest significance in the case of Dicty- 
ostelium discoideum and other species of the Dictyosieliaceae. Not only 
is the amount of growth of Dictyostelium governed by the prior growth 
of the bacterial associate,* but the very pattern of its fruiting structures 
is determined by existing environmental conditions (16). Singly or in 


* Use of the term “bacterial associate’’ is not intended to imply that the 
two organisms are in any way symbiotic. The bacteria serve directly as food for 
the slime mold. As was reported in an earlier paper (15), the relationship is more 
nearly that of prey and predator. 
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combination the bacterial associate, the culture medium, temperature 
of incubation, degree of humidity, and pH may operate to limit the 
growth of the slime mold or prohibit its normal fructification (16). It 
is thus absolutely necessary to control these factors in so far as possible, 
and beyond this to understand their influence with sufficient thorough- 
ness to recognize and account for variations due to them before under- 
taking experiments in which responses of pseudoplasmodia are to be 
interpreted. 

Dictyostelium discoideum has been grown in cultures of the type 
designated by Mouton (8), Vuillemin (23), Pinoy (12) and others as 
“‘pure-mixed culture,’ and more recently by Cohen (4) as “two- 
membered culture,” primarily with Escherichia coli (Migula) Castellani 
and Chalmers. This bacterial associate was selected for the following 
reasons: (1) It was known to afford excellent nutriment for D. dis- 
coideum (15), and the cultural behavior of the slime mold in association 
with this bacterium upon many different culture media was likewise 
known (16); (2) it was one of the bacterial associates utilized by Pinoy 
(12), and the principal one employed by Oehler (10), Schuckmann (19, 
20), and Arndt (1) in their studies of D. mucoroides; and (3) it is world- 
wide in distribution, easily identified, and is immediately available to 
any student of the Dictyosteliaceae. Hence it constitutes a convenient 
source and somewhat of a standard of nutriment. In a limited number 
of experiments Serratia marcescens Bizio, which produces an intense red 
pigment upon many culture media, was substituted. 

A large number of culture media have been employed, the nature of 
these varying with the objectives of the different experiments and 
depending upon the fermentations of the selected host bacteria. For 
studying the vegetative growth of D. discoideum in association with 
E. coli and the subsequent formation of pseudoplasmodia, one of the 
following nutrient-poor media was generally used: (1) Hay-infusion 
agar comparable to that employed for the earlier host range studies 
(15, 17), (2) carrot-infusion* agar, (3) hay-infusion agar with 0.05% 
added peptone, and (4) weak-peptone agar containing either 0.05% or 
0.1% peptone as the sole nutrient. For experiments relating to the 
behavior and organization of migrating pseudoplasmodia, where it was 
desirable to secure numerous and large migrating structures, the follow- 
ing nutrient-rich media were commonly used: (1) Lactose-peptone agar 


* Carrot infusion: 300 gms. fresh carrot diced and boiled for one hour in a liter 
of tap water, filtered, and filtrate made up to a liter. An infusion thus prepared 
was used as the basis for all carrot media. 


a 


(Sab Sa Cees 0 EOE 3 hp Be noe St 








a 


a 





ce DO an 


Co WN athe RA CARNE Fe L 


WW Cate! Sa ina OME 2 de or Br Nee Wl 


— 





1940] PSEUDOPLASMODIUM FORMATION IN D. DISCOIDEUM 245 


containing 1% or 1.2% of each of these nutrients, (2) dextrose-peptone 
agar containing a similar concentration of nutrients, and (3) carrot- 
infusion agar enriched with 0.5% peptone. Hay-infusion agar was 
employed for studying vegetative growth and pseudoplasmodium forma- 
tion with Serratia marcescens; while with the same bacterial associate, 
several different media have been used with varying success for supply- 
ing migrating pseudoplasmodia of red color for grafting experiments. 
Of such media carrot-infusion agar enriched with 0.2% or 0.5% peptone 
and buffered respectively with equimolar concentrations of m/100 and 
m/50 in monobasic potassium phosphate and in dibasic sodium phos- 
phate in general proved most satisfactory (p. 265). Other media, 
notably those containing potato-extract or the broth of canned green 
peas, regularly yielded colonies of more intense pigmentation, but in 
these the slime mold grew poorly and migrating pseudoplasmodia were 
not ordinarily produced. All media were solidified with 1.5% agar. 

Cultures were regularly grown at 20-24°C, the optimum temperature 
range for Dictyostelium discoideum. During the warmer months from 
May through September they were cultivated in a large incubator 
artificially cooled to this temperature, while throughout the remainder 
of the year they were cultivated in the open laboratory. 

Petri plates consisting of close fitting valves were regularly employed 
as culture chambers. The slime mold was thus continuously exposed 
to a saturated or near-saturated atmosphere except for brief periods 
during the performance of certain experimental operations. 

Cultures were grown in diffuse light, in one-sided illumination and 
in total darkness depending upon the nature and purposes of the dif- 
ferent experiments. In studying the influence of light either sunlight 
or mazda lamps were used as a source of illumination; no attempts have 
been made to determine the influence of specific wave lengths. 

A continuing favorable reaction of pH 5.5-7.0 is essential to good 
growth and normal development of the slime mold (16). This was 
maintained in the different media and culture combinations in one of 
the following ways: (1) In cultures with EZ. coli upon nutrient-poor 
media such as hay-infusion, carrot-infusion, or dilute-peptone agar small 
quantities of acid or alkaline by-products were liberated due to bac- 
terial growth, hence the pH remained at approximately the initial favor- 
able reaction; (2) in cultures with EF. coli upon nutrient-rich media 
containing lactose and peptone or dextrose and peptone a simultaneous 
and balanced fermentation of the two ingredients occurred and the pH 
remained fairly constant; (3) while in cultures with S. marcescens upon 
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carrot-peptone agar the reaction was held within a favorable range by 
the high buffer content of the medium. 

In making the different types of cultures employed and in performing 
the operations subsequently to be described a number of simple tools 
were used. Wire loops and needles of various dimensions were employed 
for transferring and inoculating bacteria and slime mold, curved glass 
rods for spreading inocula over whoie or selected areas of culture plates, 
sterile serological pipettes for preparing suspensions of bacteria and 
Dictyostelium spores and transferring these to culture plates, and finally 
micro-scalpels for making grafts and transplants. These scalpels were 
fashioned by hammering the end of a piece of platinum-iridium wire, 
gauge #28, into a thin sheet and trimming this to the form of a minute 
scalpel with a pair of small scissors. These scalpels were subsequently 
mounted in glass rods or other suitable handles. 

Stock cultures of the slime mold and associated bacteria have been 
in part maintained simply by streaking loopsfull of the two organisms 
from old cultures upon new substrata. But as a precaution against 
the possible introduction of foreign bacterial associates, spores from 
selected spore heads, which from experience were known to be bacteria- 
free (15), were added to fresh suspensions of E. coli and S. marcescens 
at frequent intervals and subsequently streaked upon fresh media. 
Two special types of cultures were employed for studying the formation 
and responses of developing pseudoplasmodia, namely: (1) Spread- 
cultures, in which a few drops of a suspension of slime mold spores and 
bacteria were spread evenly over the surface of an agar plate; and 
(2) spot-cultures, in which a suspension of bacteria was similarly spread 
over the plate and allowed to grow for one or two days prior to inocula- 
tion at selected sites with slime mold spores. For studying migrating 
pseudoplasmodia, where a primary object was to secure abundant 
migrating bodies on a sterile agar surface, streak cultures were employed 
as used for renewing the stock cultures. 


THE DEVELOPING PSEUDOPLASMODIUM 


In Dictyostelium discoideum, as in all the Dictyosteliaceae, the vegeta- 
tive and the fruiting phase are clearly set apart. The vegetative phase 
embraces the stage of actual growth, i.e., an increase in the number and 
mass of myxamoebae, and is characterized by the wholly independent 
conduct of the individuals. Throughout this phase they are of irregular 
form, move at random, and feed upon such bacteria as they contact and 
are able to engulf and digest. They are lacking in orientation and show 
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no evidence whatever of directed movement. The population thus 
consists of an immense number of independent organisms and is com- 
pletely lacking in organization (Figure 2, A). 

In marked contrast to the above condition, organization is the very 
essence of the fruiting phase. Enormous numbers of previously inde- 
pendent myxamoebae aggregate into pseudoplasmodia in response to 
stimuli of unknown nature and of disputed origin (cf. Potts, 13; Schuck- 
mann, 20; Harper, 5; and Arndt, 1).* While the present investigations 
do not answer the fundamental question of the underlying cause of 
aggregation or the nature of the stimuli responsible for it, they do con- 
tribute to an understanding of some factors which accelerate and other- 
wise influence pseudoplasmodium formation. 


Factors Influencing Pseudoplasmodium Formation 


Food shortage: Pseudoplasmodium formation normally does not occur 
until the available food supply (i.e., bacteria) has been largely consumed 
by the feeding myxamoebae. And indeed there is considerable evidence 
that the fruiting phase stems either directly or indirectly from a food 
shortage as has been reported previously for Dictyostelium mucoroides 
by Potts (13), Oehler (10), Schuckmann (19) and Arndt (1). When 
a suspension of nutritive bacteria, viz., Escherichia coli, and spores of 
D. discoideum are spread evenly over the surface of a nutrient-poor agar 
plate so that an even growth of the two organisms results, pseudo- 
plasmodia ordinarily begin to form approximately 42-44 hours after 
inoculation. In cultures of this type pseudoplasmodia commonly de- 
velop in all areas of the plate at about the same time; but no pseudo- 
plasmodium appears until the bacteria available in the immediate 
vicinity have been consumed. When spores of Dictyostelium are planted 
in localized areas of a similar plate previously inoculated with bacteria 
alone, the slime mold spreads radially from the points of inoculation 
with pseudoplasmodium formation beginning at these sites approxi- 
mately two days later and progressing outward as the available bacteria 
become used up. Food shortage as a determining factor in aggregation 
can be further demonstrated. By adding fresh bacterial suspension to 
a culture at appropriate intervals pseudoplasmodium formation can be 
appreciably delayed. And by transferring myxamoebae to fresh colo- 
nies of bacteria at intervals of 36 hours or less cultures can be continued 
indefinitely quite free of any fruiting phenomena. Potts (13) has 


* This subject is reviewed in a paper recently published in the American Jour- 
nal of Botany (18). 
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reported D. mucoroides to behave in a similar manner, and additional 
studies by the writer indicate that this is undoubtedly true of all species 
in this group. 

Decreased humidity: Pseudoplasmodium formation is influenced 
strongly by the moisture content of the air contained within the culture 
dish. If cultures are selected in which it is known that pseudoplasmo- 
dium formation will normally begin in approximately six hours, and 
the covers of some culture dishes are opened slightly so that the hu- 
midity within becomes lessened, pseudoplasmodium formation will begin 
in such disturbed cultures from two to four hours earlier than in closed 
control plates, all other conditions remaining constant. In these cul- 
tures the pseudoplasmodia are smaller and more numerous than in 
the controls. 

Increased temperature: Similarly, if cultures are grown at 20°-24°C 
until approximately six hours before pseudoplasmodium formation 
would normally occur and then are placed at a temperature of 28°-30°C, 
pseudoplasmodium formation will begin from two to three hours earlier 
than in control cultures, all other conditions remaining constant. As 
in the preceding experiment, the pseudoplasmodia in such cultures are 
smaller and more numerous than in control cultures continuously main- 
tained at the lower temperature. 

Light: Pseudoplasmodia likewise develop from 2 to 4 hours earlier 
in cultures grown in diffuse daylight than in similar cultures incubated 
in total darkness, all other conditions remaining constant. Pseudo- 
plasmodia in lighted cultures are smaller and more numerous than in 
darkened ones, a result that corroborates the observations of Potts (13) 
and Harper (7) that the fruiting structure of D. miucoroides and Poly- 
sphondylium violaceum respectively are larger when formed in darkness 
than in light. But neither Potts nor Harper noted whether pseudo- 
plasmodia formed earlier in light than in darkness. 

Contact of myxamoebae: The role, if any, that actual contact of myxa- 
moebae plays in the initiation of pseudoplasmodium formation is not 
known. However, it is obviously not a controlling factor, for pseudo- 
plasmodia regularly develop earlier in relatively thin cultures upon 
nutrient-poor media than in luxuriant cultures upon nutrient-rich media 
although the incidence of myxamoebic contact is unquestionably greater 
in the latter cultures. 

Internal changes in the myxamoebae: There is the possibility that 
pseudoplasmodium formation is initiated as a result of changes which 
take place within the bodies of the myxamoebae. Arndt (1) has 
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reported that cytological changes are apparent in the myxamoebae at 
this time and seemingly occur as a result of nutrient exhaustion. 
Accepting his observation, there still remains the extremely difficult 
problem of differentiating between cause and effect, i.e., whether pseudo- 
plasmodium formation results from changes occurring within the myx- 
amoebae or whether changes in the myxamoebae accompany pseudo- 
plasmodium initiation. 
Organization of the Developing Pseudoplasmodium 

Developing pseudoplasmodia vary appreciably in pattern and in size 
depending upon the nature of the culture in which they arise (15, 16). 
In thin cultures of even growth, such as those resulting when bacteria 
and Dictyostelium spores are spread uniformly over nutrient-poor sub- 
strata, the forming aggregates are especially conspicuous and consist 
of a number of well defined, converging streams of myxamoebae 
(Figure 2). The first-formed pseudoplasmodia are regularly radiate 
and symmetrical in pattern and frequently attain a diameter of 1 em. 
Subsequently other pseudoplasmodia arise near their peripheries, and 
these are commonly asymmetrical in pattern, being somewhat flattened 
on the sides adjacent to the older pseudoplasmodia. Still later, pseudo- 
plasmodia of crescent or variable form appear as streams develop from 
irregular and previously unaffected areas of myxamoebae. In marked 
contrast, in rich cultures, as with EZ. coli upon lactose-peptone or carrot- 
peptone agar, pseudoplasmodium formation first becomes apparent 
through the blocking out of masses of myxamoebae 2-3 mm in diameter 
in the dense layer covering the substratum (16). Out of these masses 
subsequently evolve typical migrating pseudoplasmodia without ever 
showing distinct streams of myxamoebae as described above. Never- 
theless, the basic phenomena of pseudoplasmodium formation are the 
same in both cases, the apparent dissimilarity being attributable to the 
difference in quantity of myxamoebae in the two cultures. In the 
latter they are present in such abundance that there is a continuous and 
frequently multilayered converging sheet of myxamoebae; whereas in 
the former they are at first somewhat scattered and as they proceed 
toward the center of the aggregate crowd into converging streams which 
lend the pseudoplasmodia its characteristic wheel-like appearance (Fig- 
ure 2, B-D). Obviously the organization of developing pseudoplasmo- 
dia can be studied to best advantage in thin cultures using wheel-form 
aggregates as subjects for observation and experimentation. 

Irrespective of the form of the developing pseudoplasmodium, if it 
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remains wholly undisturbed all of the myxamoebae entering it charac- 
teristically proceed without interruption to collect into a single, compact, 











Fig. 2. Pseudoplasmodium formation in Dictyostelium discoideum; A, close of 
vegetative phase, myxamoebae unoriented and wholly unorganized; B, early stage 
in aggregation, pseudoplasmodial center prominent, myxamoebae in surrounding 
area becoming oriented toward it; C and D, progressively later stages in aggrega- 
tion. X 14. 


cylindrical migrating pseudoplasmodium. However, variations from 
this normal behavior commonly occur under natural conditions and 
can be experimentally produced by varying environmental factors, or 
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by performing certain manual operations upon the pseudoplasmodia 
themselves. 

Decreased humidity: If the cover of a culture dish is removed for a 
short time during the period of pseudoplasmodium formation so that 
the humidity within becomes reduced, the large pseudoplasmodia break 
up into many small aggregates, each of which produces a small but 
typical migrating pseudoplasmodium. In this process the streams of 
the “parent” pseudoplasmodium become severed, and the myxamoebae 
outward from such a break normally continue to move forward in the 
original direction and collect into a typical migrating pseudoplasmodium 
at the point where the break occurred. 

Increased temperature: Similarly, if comparable cultures are trans- 
ferred from a temperature of 20°-24°C to a temperature of 28°-30°C, 
the developing pseudoplasmodia tend to break up into smaller aggre- 
gates in the manner described above. And both with lowered humidity 
and raised temperature the break-up is most pronounced in pseudo- 
plasmodia initially of large dimension and (or) of irregular pattern. 

Severance of a pseudoplasmodial stream: If a pseudoplasmodial stream 
is severed artificially as by removing a small section of it, the myx- 
amoebae beyond the point of removal continue to flow in their original 
direction and collect into a small but typical migrating pseudoplasmo- 
dium at the point where the break was made (Figure 3, B). 

Removal of the pseudoplasmodial center: If the center of a forming 
pseudoplasmodium is removed by cutting out a small block of the under- 
lying agar or by destroying the myxamoebae in the center of the aggre- 
gate with a hot needle, the streams of myxamoebae continue to flow up 
to the edge of the pit thus formed and there produce a number of small 
but typical migrating pseudoplasmodia. If there are only a few (5 or 6) 
inflowing streams and these do not anastomose, a migrating structure 
is formed by each stream (Figures 3, C1—C3). However, if there are 
many streams and these anastomose, from one to several new centers 
usually develop at points near the edge of the pit and to these the myx- 
amoebae aggregate, establishing new streams which often encircle the 
pit rather than extend out radially from it (Figures 3, D1—-D3). 

Addition of bacteria to undisturbed pseudoplasmodia: If a loopfull of a 
suspension of nutritive bacteria is carefully placed upon a developing 
pseudoplasmodium so that none of the converging streams are broken, 
or its organization otherwise disturbed, the pseudoplasmodium will 
continue its development apparently unaltered by the presence of the 
added bacteria (Figure 4, A). However, scattered myxamoebae which 
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are always present within the pseudoplasmodial area, but which for 
some unknown cause have remained outside its organization (Fig- 
ure 2, D), will begin at once to feed upon the added bacteria. In a 
comparable experiment with D. mucoroides, Oehler (10) reported that 


7 














Fic. 3. Diagrammatic representation of sorocarp formation from developing 
pseudoplasmodia: A, normal sorocarp formation from an entire pseudoplasmo- 
dium; B, sorocarp formation following severance of a single pseudoplasmodial 
stream; C, following removal of pseudoplasmodial center, inflowing streams 
separate; and D, following removal of center, streams anastomosing. 


the myxamoebae comprising the streams would revert to vegetative 
growth, whereas those forming the raised central portion would proceed 
without interruption to form a small fruit. Possibly this represents a 
difference in reaction between the slime molds studied; rather it is 
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believed that in adding the bacteria Oehler disturbed the streams suffi- 
ciently to cause the myxamoebae to dissociate, a condition which will 
initiate a prompt reversion to vegetative growth. 

Partial disorganization in the presence of bacteria: If the central por- 
tion of a developing pseudoplasmodium is stirred up and nutritive 
bacteria then added in this area, the disturbed and disorganized 
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Fie. 4. Diagrammatic representation of the contrasting behavior of intact 
and partially disorganized pseudoplasmodia in the presence of bacteria. See 
text pp. 278 and 279. 





myxamoebae return to the vegetative stage and consume the available 
bacteria before the fruiting stage is resumed. This, however, applies 
only to the central disorganized area for the myxamoebae in the undis- 
turbed peripheral portions of the pseudoplasmodium continue to flow 
toward the center and collect into small but typical migrating pseudo- 
plasmodia at the boundary of the disorganized field (Figure 4, B). 
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Complete disorganization in the presence of bacteria: If an entire 
developing pseudoplasmodium is stirred up and its organization de- 
stroyed in the presence of available bacteria, all of the myxamoebae 
promptly return to the vegetative stage and consume the available 
bacteria before resuming the fruiting stage. 

Complete disorganization in the absence of bacteria: If a developing 
pseudoplasmodium is similarly stirred up and its component myxamoe- 
bae more or less separated in the absence of added nutritive bacteria, 
new aggreg ations promptly arise and the size of these depends upon the 
degree to which the myxamoebae were dispersed (see also p. 278). 


THE MIGRATING PSEUDOPLASMODIUM 


Under favorable conditions of culture all of the myxamoebae entering 
into a pseudoplasmodium normally collect at its center into a tapering, 
cylindrical mass. Through the coérdinated movement of the multiple 
individuals comprising it, this mass is capable of migrating as a unit, 
hence is termed a migrating pseudoplasmodium. Since it is composed 
solely of myxamoebae, and these are of approximately uniform dimen- 
sions, its size is determined by the number of contributing individuals. 
Its size varies greatly under different environmental conditions, and 
even in the same culture migrating pseudoplasmodia commonly range 
between 1.5 to 2.0 x 0.2 to 0.25 mm and 0.5 x 0.1mm. It is estimated 
that there are approximately 125,000 codperating myxamoebae in a large 
pseudoplasmodium 1.5 x 0.2 mm, whereas in one 0.5 x 0.1 mm the num- 
ber is approximately 10,000. While pseudoplasmodia vary somewhat 
in form due to differences in the ratio of length to breadth and may be 
either straight or somewhat sinuous (Figure 5, B), the basic pattern is 
the same irrespective of size. It may be described roughly as cartridge- 
shaped with the anterior end blunt and somewhat tapered, the main 
body fairly uniform in thickness, and the posterior end generally 
truncate and horizontally flattened. 


Structure and Behavior of the Migrating Pseudoplasmodium 


The migrating pseudoplasmodium is structurally very simple and 
consists of a compacted mass of myxamoebae surrounded by a non- 
cellular sheath or envelope. The component myxamoebae are narrow 
and elongate, and are uniformly oriented with their long axes parallel 
with the direction of migration, a character that can best be demon- 
strated by fixing and staining the pseudoplasmodium in situ and subse- 
quently breaking it apart (14). The apparent homogeneity of the body 





















1940] PSEUDOPLASMODIUM FORMATION IN D. DISCOIDEUM 255 


can be further illustrated with living structures. If one of these is 
crushed in water, or upon the moist surface of an agar plate, the com- 
ponent myxamoebae look alike and behave in a similar manner. They 
round up immediately, then draw apart, and subsequently resume 
movement as separate and unrelated amoeboids. In the presence of 
bacteria they return at once to the vegetative stage, whereas in the 
absence of such nutritive material they reorganize into new and smaller 
fruiting units; but in either case the behavior is the same whether an 
entire pseudoplasmodium is involved or some fractional part of one. 

There is considerable question concerning the nature and significance 
of the envelope which surrounds the migrating mass. Unquestionably 
it is comparable to the slime sheath which Olive (11) described in 
Dictyostelium mucoroides and D. purpureum and has its origin as the 
central portion of the developing pseudoplasmodium becomes raised 
into the air. It apparently represents a condensation at the surface 
of the mass of slime materials being excreted by the myxamoebae. In 
a saturated atmosphere it is slightly viscous in character but offers 
no apparent resistance to the passage through it of a fine glass needle 
or a micro-scalpel. If exposed for a few minutes to the dry air of the 
laboratory the envelope becomes sufficiently tough so that if a needle 
is brought into contact with the side of a pseudoplasmodium the body 
of the same becomes noticeably depressed before the envelope breaks. 
Upon longer exposure the envelope becomes increasingly tough and 
will completely destroy the pattern of the pseudoplasmodium before it 
gives way. While the envelope is non-cellular and non-living it is 
apparent that it may play a profound role in governing migration and 
allied phenomena. As a matter of fact the cessation of migration and 
the initiation of sorocarp formation may well be brought about by the 
reduction of the fluidity of this envelope to a critical point. 

Normally each migrating pseudoplasmodium forms a single and typi- 
cal sorocarp, its size being dependent upon the mass of the migrating 
structure. However, not infrequently a pseudoplasmodium splits longi- 
tudinally in a basically dichotomous fashion (Figure 5, D1—D3), thus 
giving rise to two “daughter” pseudoplasmodia which continue to 
migrate and in all particulars behave as did the parent structure. 
Eventually each gives rise to a sorocarp of normal pattern and of a size 
proportional to its mass. Ordinarily the two fractions resulting from 
such a division are of approximately equal size; but unequal division is 
not uncommon as is shown in Figure 5, D2. It is important to note 
that in either case the division is longitudinal and consequently myx- 
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amoebae which formed the anterior portion of the parent pseudo- 
plasmodium form comparable portions of the daughter structures, insur- 
ing the continuity of the receptive and directive centers (see p. 259). 

In marked contrast to the above, one migrating pseudoplasmodium 
may come in contact with another of entirely different origin and the 
two become merged into a single migrating structure (Figure 5, E). 
This subsequently forms a single sorocarp of normal pattern but of 
larger size due to the increased number of myxamoebae contributing 














Fia. 5. Normal behavior of migrating pseudoplasmodia. A-—C, normal pseudo- 
plasmodia of variable form; D1-3, successive stages in the longitudinal splitting 
of a pseudoplasmodium; E1-4, successive stages in the coalescence of two pseudo- 
plasmodia of separate origin. 


to its formation. Like the phenomenon of splitting, fusion of pseudo- 
plasmodia likewise occurs longitudinally. While it is apparent that 
the migrating pseudoplasmodium is truly a unit and is capable of 
moving as such, it is equally apparent that its unity is not fixed but is, 
on the contrary, very elastic. 

Pseudoplasmodia commonly migrate for five to ten hours or longer 
and for distances of 0.5 to 5.0 or 6.0cm. The rate of migration is gen- 
erally of the order of 1-2 mm per hour. However, both the extent of 
migration and the rate of travel are extremely variable and are definitely 
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dependent upon certain environmental factors. This is easily under- 
stood since the pseudoplasmodium is essentially a naked body comprised 
of multiple separate and irritable units that are protected individually 
only by thin membranes and en masse by an envelope of slime that 
surrounds the whole. Since a knowledge of these factors is quite essen- 
tial to an understanding of the phenomenon of migration they will be 
considered in some detail. 

Temperature: When cultures are incubated at the optimum tempera- 
ture for growth and development of D. discoideum (20°-24°C) migration 
of pseudoplasmodia follows the course described above. But when the 
incubation temperature is above or below this range marked differences 
in behavior occur. If cultures are grown at 26°-28°C, or if grown at a 
lower temperature and brought into this range at the time of pseudo- 
plasmodium formation, the resulting pseudoplasmodia in most cases 
never leave the bacterial colonies in which formed, but proceed imme- 
diately to develop sorocarps at the sites of aggregation. On the other 
hand, if cultures are grown at 15°-16°C, or if grown at the optimum 
temperature and placed at this lower level at the time of aggregation, 
the resulting pseudoplasmodia commonly migrate for periods-in excess 
of 24 hours and over distances greater than 5cm. Further, if a culture 
containing migrating pseudoplasmodia is removed from a temperature 
of 20°C and placed at 28°C, migration of pseudoplasmodia ceases imme- 
diately and the masses begin to round up preparatory to sorocarp forma- 
tion. If the culture is then returned to the cooler temperature within 
20-30 minutes the pseudoplasmodia again become elongate and resume 
their migration, but invariably leave behind a certain amount of slime 
and vacuolated myxamoebae which mark the resting positions and indi- 
cate that sorocarp formation was about to begin. If a similar culture 
is allowed to remain at the higher temperature for two to three hours 
and is then returned to the lower level, migration of the pseudoplasmodia 
is not resumed and sorocarp formation, having already begun, proceeds 
to completion. 

Humidity: The influence of humidity is likewise striking. If a cul- 
ture dish is partially opened for a time so that the moisture content of 
the air within the culture chamber (which is normally saturated) be- 
comes appreciably lessened, pseudoplasmodia cease migration promptly 
and, as if exposed to raised temperatures, begin to round up preparatory 
to sorocarp formation. If the cover is replaced on the culture dish 
within a few minutes the pseudoplasmodia normally resume migration; 
whereas if the culture remains open for a sufficient period, migration 
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will not be resumed and sorocarp formation will continue without inter- 
ruption. The reduction in humidity necessary to stop migration and 
initiate sorocarp formation has not been quantitatively determined. 
But concerning the potent influence of exposure to relatively dry air 
there can be no question, and the critical level could doubtless be deter- 
mined through continued experimentation. 

Hydrogen-ion concentration: While pH is apparently a less important 
factor influencing migration than either temperature or humidity, it 
is nevertheless pronounced in its effect. This was noted in an earlier 
study (16) and was considered in a general way at that time. Pseudo- 
plasmodia migrate in larger proportions and for greater distances in 
cultures characterized by a hydrogen-ion concentration favoring maxi- 
mum growth and normal development of the slime mold, viz., pH 
5.5-7.0. Above and below this range both the ratio of migrating to 
non-migrating pseudoplasmodia and the distances of migration drop 
sharply. 

Light: Of the factors influencing the migration of pseudoplasmodia 
light is the most spectacular. In cultures incubated in total darkness 
pseudoplasmodia migrate at random; in cultures exposed to one-sided 
illumination pseudoplasmodia regularly migrate directly toward the 
light; while in diffuse light migration of pseudoplasmodia is again at 
random but with a marked tendency to move in any direction toward 
stronger light. Concerning the amount of light necessary to influence 
migration, it may be noted that a 7-watt Mazda lamp will evoke a 
marked response in pseudoplasmodia at a distance of 24 to 3 feet. It 
is important to note that light clearly influences migration, but it does 
so primarily as a force governing the direction of pseudoplasmodial 
movement rather than as a force determining whether or not migration 
occurs. Indeed, in the writer’s experience there is no evidence that 
light either increases or diminishes the sum of migration. Light appears 
to increase migration but this is generally illusory. Migration is natu- 
rally more prominent in a side-illumined culture where the pseudo- 
plasmodia all travel in a uniform direction than in a darkened culture 
where they migrate at random and commonly retrace their paths; but 
the total migration is not necessarily greater in the former case. Since 
light primarily influences direction rather than extent of migration, and 
since it will figure prominently in subsequent discussions of polarity 
and internal organization of migrating pseudoplasmodia, it need not be 
further considered here. 
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Polarity of the Migrating Pseudoplasmodium 


Migrating pseudoplasmodia are strongly polarized. The behavior 
and movement of the migrating structure is governed by its apical por- 
tion while the main body of the pseudoplasmodium follows passively 
the course set for it. Stimuli are received near the apex of the mass and 
in response to these the direction of migration is established. Suffi- 
cient studies have not yet been made to enable the writer to define or 
strictly localize either the area of stimulus reception, which may appro- 
priately be termed the ‘“‘receptive center,” or the region governing the 
movement of the mass, which may be termed the “directive center.”’ 
Possibly the two functions are performed by a common group for mix- 
amoebae located at or near the apex of the pseudoplasmodium; or they 
may be lodged in separate but closely coérdinated groups of myxamoe- 
bae situated in the same general area. In either case, as we shall later 
see, the two functions are performed somewhere within a small apical 
fraction comprising from an eighth to a tenth of the pseudoplasmodial 
mass (see p. 272). It remains to be determined whether myxamoebae 
occupy this strategic position because of special capacities, or whether 
they assume these capacities because of their position. 

The reaction of migrating pseudoplasmodia to certain external stimuli 
is very marked, and their response to light is particularly striking. 
They are strongly phototactic. When cultures are grown in one-sided 
illumination the pseudoplasmodia regularly migrate directly toward the 
source of light (Fig. 6, A). In so doing they move with their long axes 
roughly parallel with the beam and with their apices constantly pointed 
toward the light. If the position of the light source is changed, the 
apical portion promptly begins to turn toward it, and further migration 
is in that direction. If the light is shifted 90° a pseudoplasmodium 
normally makes a right angle turn in the manner illustrated in figure 6, B 
and subsequently pursues a course perpendicular to its original path. 
In figure 6, C1-C3, the responses of two pseudoplasmodia to two suc- 
cessive changes in the direction of illumination are shown. If the light 
is shifted 140°-150° a pseudoplasmodium tends to double back upon 
itself and more or less reverse its earlier course. Finally, if the light is 
shifted 180° so that it strikes a pseudoplasmodium from behind, such a 
structure may continue migrating for a period in the same direction. 
However, the apex soon veers to one side or the other sufficiently to be 
influenced, whereupon the pseudoplasmodium makes a U-turn and so 
reverses its direction of migration (Figure 6, D). 
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Fic. 6. Influence of light upon migration of pseudoplasmodia. A, pseudo- 
plasmodia migrating toward a fixed light source; B, pseudoplasmodium } hour 
after light source shifted 90° to right; C, two pseudoplasmodia showing uniform 
response to two changes in direction of light: Cl, responding to light straight 
ahead, C2, 1} hours after light shifted 90° to left, C3 1} hours after light returned 
to original position; D, pseudoplasmodium 1} hours after direction of light 
shifted 180°. xX 16. 
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Migrating pseudoplasmodia likewise react to temperature and are 
positively thermotactic. It has been pointed out already that pseudo- 
plasmodia cease migrating immediately when the temperature of incu- 
bation is raised from the optimum of 20°-24°C to a higher level of 28°C. 
Also it was noted that pseudoplasmodia normaliy migrate for long 
periods and over comparatively great distances when incubated at a 
sub-optimum temperature of 15°-16°C. But if a culture plate is 
arranged in an incubator so that the temperature at one side is 15°-16° 
and at the other side 20°C, the pseudoplasmodia migrate toward the 
warmer side. 

Migrating pseudoplasmodia show a chemotactic response to acid (16). 
In cultures characterized by merging zones of acidity and alkalinity, 
the pseudoplasmodia migrate from the alkaline to the acid areas. 

In all of the above cases, the pseudoplasmodia remained roughly 
cartridge-shape and were led and apparently governed by their tapered 
apical portions. More positive evidence of the controlling influence 
exerted by the apical portion is obtained by the excision of this fraction, 
a matter that will be considered in greater detail later (p. 272). . Suffice 
it to say that when the anterior portion of a pseudoplasmodium is 
removed, the myxamoebae comprising the decapitated mass (now void 
of a directive center) continue to move forward and crowd together 
into a rounded mass at the site of excision and there build a sorocarp 
immediately. Normally there is no migration of the body beyond this 
point, and only occasionally has a pseudoplasmodium thus decapitated 
been observed to form a secondary apical portion and resume migration. 
In marked contrast to this behavior, the excised anterior portion when 
replaced upon an agar plate regularly migrates for a considerable period, 
depending largely upon temperature (p. 273) and other environ- 
mental factors. 

The marked polarity of the pseudoplasmodium and the governing 
character of its apical portion can be shown perhaps even more strik- 
ingly by experiments such as that illustrated in Figure 7. A typical 
migrating pseudoplasmodium was selected. To the sides of this struc- 
ture and at comparatively regular intervals the anterior portions of 
three additional pseudoplasmodia of approximately equal size were 
grafted, care being taken that intimate contact was established between 
the myxamoebae comprising the added fractions and the body to which 
they were applied. Within 15 minutes the portions of the pseudo- 
plasmodium posterior to the added apices gave evidence of responding 
to their direction, and in less than an hour the identity of the original 
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pseudoplasmodium was lost; and in its stead were four daughter pseudo- 
plasmodia each characterized by its own organization. The original 
pseudoplasmodium was clearly a communal unit and was obviously 
controlled and directed by a single directive center. The influence of 
this center, however, apparently diminished progressively from apex to 
posterior end; and when additional apices with their directive centers 
were applied, being closer they exerted a stronger influence upon the 
myxamoebae immediately posterior to them than did the directive 
center of the pseudoplasmodium of which they were formerly a part. 
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Fig. 7. Camera lucida sketches demonstrating the marked polarity of the 
migrating pseudoplasmodium. A, normal pseudoplasmodium; B, C, and D, 
apical fractions of other pseudoplasmodia grafted on A. 


Thus four pseudoplasmodia resulted, and they could not in any way be 
distinguished from normally formed pseudoplasmodia of similar size. 


Organization of the Migrating Pseudoplasmodium in Relation to 
Sorocarp Formation 


The migrating pseudoplasmodium shows no structural differentia- 
tion. Nevertheless its responses as a migrating unit together with its 
subsequent conduct terminating in sorocarp formation clearly indicate 
the presence within it of pronounced functional specialization. This 
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specialization apparently arises directly from the organization of the 
mass, and its existence is dependent upon the continuity of the same. 
Thus a knowledge of pseudoplasmodial organization becomes of para- 
mount interest. In the present work carefully performed experiments 
have supplied important information regarding the nature of this 
organization and the relation it bears to pseudoplasmodial migration 
and to sorocarp formation. 

In the first of such experiments, selected pseudoplasmodia of approxi- 
mately 1.5 mm length and 0.25 mm width were carefully cut through 
in a transverse direction from one to five times by means of an extremely 
thin micro-scalpel, the purpose of the experiment being to determine the 
effect of such transections upon the organization of the migrating pseu- 
doplasmodium. Generally the severed fractions reunited promptly and 
the pseudoplasmodium continued migration whole and apparently un- 
changed. In isolated cases reunion of severed parts was either imper- 
fect or not effected at all. Such behavior resulted when clean cuts were 
not realized and the pseudoplasmodia were subjected to considerable 
mutilation. The number of times the pseudoplasmodium was cut 
through, however, made no particular difference. Provided- the tran- 
sections were cleanly made and provided further that the resulting 
fractions were not displaced, the pseudoplasmodium promptly and 
regularly reconsolidated itself, continued migration as a unit and eventu- 
ally formed a sorocarp of wholly normal pattern. 

The question now arose whether complementary fractions of two dif- 
ferent pseudoplasmodia, and hence parts of two entirely separate organi- 
zations, might not likewise unite. Accordingly; the writer undertook 
to “graft” the anterior portion of one pseudoplasmodium upor the 
body of another. In each case migrating structures of approximately 
similar size and shape were selected. Using a micro-scalpel and working 
under a low power binocular microscope, approximately the anterior 
fourth of one pseudoplasmodium was cut off and lifted to one side. 
A similar anterior fraction was then removed from a second pseudo- 
plasmodium and immediately placed in the exact position formerly 
occupied by the apical portion of the first. In the great majority of 
cases the foreign apical portions promptly merged with the “decapi- 
tated’”’ bodies and the united structures henceforth behaved as single 
and normal pseudoplasmodia.* Unions were not realized, however, 


* It was found desirable to limit the number of pseudoplasmodia thus grafted 
to 2 or 3 per culture plate. The repeated opening of the culture dish incident to a 
greater number of operations subjected the fractions to sufficient dry air to in- 
fluence them adversely. 
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when the fractions were not placed in close contact or when either 
fraction was mutilated during the operation. 

The directive center of one pseudoplasmodium was thus found to be 
capable of dominating the much larger mass of another pseudoplasmo- 
dium from which the original center had been earlier removed. Would 
the same result obtain if the original center was removed from its 
normal position but kept in contact with the pseudoplasmodial body 
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Fig. 8. Diagrammatic representation of the behavior of pseudoplasmodial frac- 
tions as influenced by their basic cvientation (indicated by arrows). 


at some other point? Would the pseudoplasmodial body respond to 
its own directive center situated in an abnormal position, or to a foreign 
center occupying the normal position? Or stated differently, which is 
of greater importance in the direction of a pseudoplasmodium, the 
identity or the position of a directive center? 

These questions were answered by experiments such as that diagram- 
matically illustrated in Figure 8. It was found that complementing 
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fractions of entirely different origin but of like orientation would coalesce 
to produce a single united migrating unit, whereas two fractions of the 
same initial pseudoplasmodium but of reversed orientation would behave 
entirely independently. 

The importance of orientation in the coalescence of pseudoplasmodial 
fractions was indicated more conclusively in a modification of the above 
experiment. Apical and posterior portions were removed from a pseudo- 
plasmodium as before, and again the apical portion was reversed in 
direction and placed in close contact with the main body at the site 
from which the posterior fraction had been removed. But unlike the 
previous case, no foreign apical fraction was introduced. As in the 
preceding experiment the apical portion (possessing a reverse orienta- 
tion) drew away from the main body and migrated as a small but inde- 
pendent pseudoplasmodium, although it had previously dominated the 
same and there was now no other apical fraction present. Meanwhile 
the main body drew forward to the site where the anterior part had 
been removed and there began immediately to build a sorocarp. 

The above experiments demonstrated beyond question that comple- 
mentary portions of different pseudoplasmodia possessing similar ori- 
entation could be grafted experimentally and that the resulting pseudo- 
plasmodia would subsequently behave in an entirely normal manner. 
It now became of interest to trace the further history of such grafted 
structures, and to determine, in so far as possible, the role in sorocarp 
formation played by different portions of a grafted pseudoplasmodium. 
This was accomplished by utilizing to particular advantage a striking 
character of Dictyostelium discoideum, namely the red coloration of its 
pseudoplasmodia when cultivated in association with Serratia marcescens. 
In such cultures the myxamoebae appear red when massed in a pseu- 
doplasmodium; and even separately can be identified by the presence 
of persistent red vacuoles (15). It occurred to the writer, therefore, 
that by grafting the anterior fraction of a red pseudoplasmodium, 
consisting so to speak of ear-marked myxamoebae, upon the body of a 
colorless pseudoplasmodium previously decapitated, additional infor- 
mation might be gained regarding the movement and organization of 
the migrating pseudoplasmodium and the formation of the fruiting 
structure. Apical fractions were removed from colorless pseudoplas- 
modia (Figure 9, A) produced in cultures with Escherichia coli upon 
lactose-peptone, dextrose-peptone, or carrot-peptone agar; and in their 
stead were immediately placed comparable fractions of red pseudo- 
plasmodia (Figure 9, B) produced in cultures with Serratia marcescens 
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upon buffered carrot-peptone agar. In each case the orientation of the 
added red fraction coincided with that of the colorless body to which 
it was applied. As in earlier experiments with uncolored pseudoplas- 
modia, where-er a foreign anterior fraction was placed in close contact 
with a decapitated body without being crushed or otherwise mutilated 
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Fia. 9. Diagrammatic representation of sorocarp formation by grafted pseudo- 
plasmodia. A, colorless pseudoplasmodium (stippled) from culture with Es- 
cherichia coli; B, red pseudoplasmodium (striated) from culture with Serratia 
marcescens. The apical portions of the grafted pseudoplasmodia (Al and B1) 
form the sorophores while the main bodies (A2 and B2) form the sori and basal 
disks of the resulting bi-colored sorocarps. 


the two fractions promptly merged. The united pseudoplasmodium 
normally continued migration for a period, and then formed a soro- 
carp characteristic in size and shape but unique in coloration (Fig- 
ure 9, A VII). 

The union of red and white fractions is conceived as an interlocking 
between individual myxamoebae of the two fractions along their inter- 
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face, somewhat simulating in character the joining of a red and a white 
brick wall. The intimate contact necessary for such union to occur is 
brought about by (1) a brief cessation of migration by the apical frac- 
tion following transplantation, together with (2) the continued forward 
movement of the myxamoebae comprising the decapitated body. 

The myxamoebae of the two original fractions did not intermix to any 
appreciable degree and a line of demarcation between them remained 
clearly visible in the united pseudoplasmodium throughout the usual 
period of migration. The added red portion remained continuously 
in an apical position and obviously directed the movement and conduct 
of the whole mass, and in the end governed the building of the sorocarp 
and contributed directly to the’ formation of the stalk (Figure 9, A II- 
VII). Incolorless pseudoplasmodia migration normally seems to merge 
almost imperceptibly into sorocarp formation (Figure 1, J-O). But in 
these grafted and partially colored structures, significant changes could 
be observed during this transitional period. Marking the onset of 
sorocarp formation, the red anterior portion gradually ceased forward 
movement, became raised above the agar surface and pointed upward. 
Meanwhile, the myxamoebae comprising the main body of the pseudo- 
plasmodium continued to move forward, crowding around and beneath 
the colored anterior part. This came to occupy an axial position in the 
bulbous mass of colorless myxamoebae, projecting conspicuously above 
it as a rounded, nipple-like, apical tip and continuing downward into 
the center of the mass. The first evidence of sorocarp formation now 
appeared as the myxamoebae comprising the lower portion of this 
column became vacuolated and compacted together forming the stalk 
initial. Subsequently the stalk was built upward by the progressive 
vacuolation of red colored myxamoebae in this axial region. The basal 
disk meanwhile was formed by the similar vacuolation of colorless 
myxamoebae surrounding the base of the stalk and in contact with the 
substratum. As the stalk lengthened the main body of colorless myxa- 
moebae ascended it en masse, the while becoming differentiated into 
spores progressively from the periphery of the mass toward its center. 
When all of the myxamoebae had become transformed either into stalk 
cells or spores the fruiting structure was complete. The red coloration 
of the stalk confirmed its origin from the anterior portion of the migrat- 
ing pseudoplasmodium, while the absence of color in the sorus and in the 
basal disk indicated their origin from the posterior portion of the same 
(Figure 9, A VII). 

In other experiments the procedure was reversed and anterior frac- 
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tions of colorless pseudoplasmodia were applied to previously de- 
capitated bodies of red color (Figure 9, B II). As expected, the results 
were the reverse of the preceding; but in general the bi-colored charac- 
ter of the sorocarps was less striking than in the preceding case. 

Continued experimentation with red colored apical fractions and 
colorless decapitated bodies supplied additional information concerning 
the organization and behavior of migrating pseudoplasmodia. In this 
work pseudoplasmodial fractions were placed in almost every con- 
ceivable position relative to one another and to the source of illumi- 
nation. It is quite impossible to consider at this time all of the experi- 
ments but certain selected ones will be reported in some detail. It is 
believed that these will suffice to demonstrate the importance of certain 
factors which separately or in conjunction govern the conduct of 
pseudoplasmodial fractions and of entire pseudoplasmodia as well. 

In one type of experiment often repeated, an anterior fraction was 
removed from the main body of a colorless pseudoplasmodium as shown 
in Figure 10, A, so that it was devoid of a directive center. A smaller 
posterior fraction was then removed from the same body in order to 
eliminate any possible influence of an attached slime streak. Approxi- 
mately the anterior quarter was next removed from a red pseudoplas- 
modium as shown in Figure 10, B. This fraction (B 1), embracing a 
directive center, was then placed directly behind the larger colorless 
mass (A 2) and pointed toward it. The orientation of the two fractions 
was thus identical. Illumination was from the side. The results of 
the transplantation are shown in Figure 10, AB II—V, and the length 
of time necessary for important changes to occur is indicated. Follow- 
ing transplantation the red anterior fraction (B 1) resumed migration, 
promptly shifted its course and moved away in the direction of the light 
source, and after a few hours produced a small red sorocarp of somewhat 
abnormal pattern. In the meantime the myxamoebae comprising the 
larger colorless mass continued without interruption to move forward, 
collected into a rounded bulbous mass at the site where the anterior 
portion had been previously removed, and promptly began the con- 
struction of a sorocarp (Figure 10, A I-V). 

In another series of experiments anterior and posterior fractions were 
removed from a colorless pseudoplasmodium (Figure 10, CI) as in the 
previous experiment. A comparable anterior fraction was next removed 
from a red pseudoplasmodium (Figure 10, DI) and immediately placed 
in contact with the decapitated colorless body in the position formerly 
occupied by its own apical tip, but reversed in direction. The orien- 
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tation of the two fractions was thus directly opposed (Figure 10, CD II). 
Illumination was from behind the decapitated body and directly toward 
the transplanted red apical fraction. The further behavior of the two 














Fig. 10. Behavior of apical and non-apical fractions of pseudoplasmodia as 
influenced by position, basic orientation (indicated by arrows), and the direction 
of illumination. A, C, and E, colorless pseudoplasmodia (stippled) from cul- 
tures with Z. coli, z, line at which anterior fraction removed; B, D, and F, red 
pseudoplasmodia (striated) from cultures with S. marcescens. 


fractions is illustrated in Figure 10, CD II-VII. Again the decapi- 
tated colorless body continued without interruption to crowd forward 
and to collect into a rounded mass at the site from which its apical por- 
tion had been earlier removed. Meanwhile the transplanted red apex 
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resumed migration, and moving toward the light, quickly became 
appressed against the larger colorless mass. In a short time it sur- 
mounted this body, and coalescing with it assumed a terminal position 
from which it subsequently directed the migration of the conjoined 
pseudoplasmodium. As in the earlier experiment where simple grafts 
were made between red apical fractions and decapitated colorless bodies, 
the sorocarp subsequently produced was characterized by a red stalk 
and a colorless sorus and basal disk (Figure 10, CD VII). 

In a third type of experiment anterior and posterior fractions were 
removed from a colorless pseudoplasmodium as before (Figure 10, 
EI). An apical red fraction was then placed immediately at the right 
side of the decapitated colorless body with its apex resting against the 
same (Figure 10, EF II). The orientation of the transplanted fraction 
was thus toward the decapitated body and at right angles to it. LIllu- 
mination was from the left side of the decapitated mass and hence 
directly toward the transplanted apical fraction. Consistent results 
were not obtained. In the majority of cases the fractions behaved as 
illustrated in Figure 10, EF II-VII. The myxamoebae of the de- 
capitated body continued to move forward in their original direction 
toward a site at z. In the meantime the transplanted fraction resumed 
migration and moving toward the light tended to push across the color- 
less mass. However, because of the simultaneous and perpendicular 
movement of this mass the transplanted portion became deflected in its 
course and was to some extent carried along by the larger colorless 
body. But being now in intimate contact, the two fractions coalesced, 
gave rise to a united pseudoplasmodium characterized by a reddish 
apex, and subsequently produced a single, bi-colored sorocarp (Figure 
10, EF II-VII) as in the second experiment. In less numerous cases, 
which are not illustrated, union of the two fractions did not occur and 
each subsequently produced a separate fruiting structure as in the first 
experiment. Here apparently the transplanted apical fraction resumed 
migration more slowly, and before it could thrust itself into intimate 
contact with the decapitated body the bulk of this had moved beyond 
the point of abutment between the two. 

The results of the above experiments and others unreported reaf- 
firmed the correctness of certain earlier observations. It was found 
that the decapitated body of a pseudoplasmodium was incapable of 
migration unless supplied with a new apical portion with its attendant 
directive center. The myxamoebae comprising such a decapitated 
body, however, continued to move forward in their original direction 
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and collected into a rounded mass at the anterior end of the fraction. 
Such decapitated masses thus exhibited movement of myxamoebae 
within themselves but no migration, i.e., forward movement of their 
bodies as units. On the contrary apical portions containing directive 
centers typically resumed migration after transplantation and respond- 
ing strongly to light behaved (1) either as free and independent migrat- 
ing units or (2) coalesced with decapitated bodies and thereafter directed 
the conduct of the united structures. 

In addition the experiments demonstrated that transplanted fractions 
need not occupy “normal’’ positions in order for coalescence to occur. 
The primary requisite for union appeared to be the establishment of 
intimate contact between the neighboring fractions rather than a like- 
ness in orientation, as was suggested earlier. Yet, the orientation of 
fractions is not to be discounted, for being responsible for the forward 
movement of myxamoebae in decapitated bodies it is often instrumental 
in establishing such contact. While limited to apical fractions, migra- 
tion is commonly an especially aggressive force bringing portions of 
different pseudoplasmodia into close relationship. Light also is im- 
portant since it influences the direction of migration. Thus it appears 
that in effecting the intimate contact between pseudoplasmodial frac- 
tions necessary for coalescence, three principal factors are involved, 
namely: (1) polarity and orientation of the neighboring fractions, (2) 
migration by the apical fraction, (3) direction of illumination. These 
may work either together or in opposition; if their summary effect is to 
draw neighboring fractions together, these will normally coalesce and 
the apical fraction will work itself into a favored position and presently 
establish control over the united whole; if it is to drive the fractions 
apart, each will henceforth pursue an independent course. 

The preceding experiments demonstrated that the apical portion of 
the migrating pseudoplasmodium contributed directly in the building 
of the sorophore during sorocarp formation. Meanwhile confirmatory 
evidence was obtained from other sources. It.will be recalled that in 
preparing the decapitated colorless bodies employed in the previous 
experiments anterior and posterior fractions were removed. Whereas 
the smaller posterior fractions were ordinarily destroyed during their 
removal the larger apical fractions remained intact and were com- 
monly replaced on the agar slightly to one side of the parent bodies. 
Hence they came under observation from time to time as the histories 
of the grafted structures were followed. It was noted that these 
apical fractions normally resumed migration and that the sorocarps 
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which they subsequently produced commonly consisted of exceptionally 
small sori supported by relatively large sorophores arising from poorly 
developed basal disks. The writer, therefore, undertook to study some- 
what systematically from an experimental approach the question of 
organization and functional differentiation within the migrating pseudo- 
plasmodium in their relation to sorocarp formation. 

In the initial experiments thirty-five pseudoplasmodia approximately 
1.5 x 0.2 mm were selected. Five of these were marked and kept as 
controls as a measure of normal behavior and development. From 
fifteen of the remaining thirty approximately the anterior fourth or 
fifth was removed and transferred to marked positions on fresh agar 
plates, the main bodies of the pseudoplasmodia remaining undisturbed. 
Similarly from the remaining fifteen, approximately the anterior eighth 
or tenth was removed and likewise transferred to fresh agar plates. 
The further histories of the control pseudoplasmodia, the excised an- 
terior portions, and the main bodies from which these fractions were 
obtained were followed. The results are herewith summarized: (1) 
The control pseudoplasmodia continued to migrate for a period prior 
to the formation by each of a large and normal sorocarp. (2) Twenty- 
nine of the decapitated pseudoplasmodia crowded forward to the points 
from which their apical fractions had been excised and promptly formed 
normal sorocarps. In a single case a new apical tip developed and the 
mass resumed migration. (3) The directive center of the migrating 
pseudoplasmodium was found to reside within the anterior } to 7y of 
the body for the movement of the whole was terminated by the removal 
of this fraction. (4) The apical fractions commonly resumed migration 
and frequently split dichotomously one or more times. (5) The soro- 
carps produced by the apical fractions or their derivatives were generally 
abnormal in pattern, being characterized by small sori, heavy soro- 
phores, and poorly formed basal disks. The stalks of these sorocarps 
were as a rule more nearly consistent in size with those that would have 
been produced by the entire parent pseudoplasmodia than with the 
masses of the fractions themselves (Table I); while the sori and basal 
disks were correspondingly smaller than those normally produced by 
typical pseudoplasmodia equalling in volume the transplanted apical — 
fractions. (6) The degree of abnormality varied greatly in different 
sorocarps and there appeared to be a negative correlation between such 
abnormality and the duration of migration preceding sorocarp forma- 
tion. 

In another experiment selected pseudoplasmodia approximately 2.0 
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x 0.25 mm were each cut transversely into four approximately equal 
parts. These fractions were then removed separately with as little 
disturbance as possible and placed on the surface of fresh agar plates in 
previously marked positions, the fractions being designated consecu- 
tively from 1 to 4 from anterior to posterior end of the pseudoplas- 
modium. The purpose of the experiment was two-fold: first to study 
further the behavior of apical fractions and to determine the influence 
of migration upon the form of sorocarps subsequently produced; and 
second, to determine whether different fractions of the main body of a 


TABLE I 
Comparative dimensions of sorocarps produced from whole pseudoplasmodia, 
non-migrating anterior fractions, and the bodies from which 
anterior fractions were excised 
An average for five sorocarps is given in each case. Initial migrating pseudo- 
plasmodia approximately 1.5x0.2mm. Sori considered as spheres for computing 
volume (Raper, 1937). 
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pseudoplasmodium behaved similarly and produced like sorocarps, 
as had been suggested from previous experiments. The history of the 
fractions was followed for a period of 24 hours and may be summarized 
as follows: (1) In no case did a non-apical fraction resume migration. 
Invariably these rounded up promptly and began immediately the 
formation of sorocarps. Regularly the sorocarps were of normal pat- 
tern with well proportioned sori, evenly tapered sorophores, and flat- 
tened and expanded basal disks. No consistent differences could be 
observed between sorocarps formed from fractions 2, 3, and 4 (Figure 
11) or between any of these and sorocarps of similar size formed from 
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entire pseudoplasmodia. (2) In the majority of cases the anterior 
fractions resumed migration immediately and many split dichotomously 
one, two, or three times giving rise to 2, 3, or 4 smaller fractions and 
eventually sorocarps. (3) The period of migration varied from zero 
to twelve hours, and the sorocarps formed from apical fractions im- 


Sorocorp ODevelaoment 


from 
Pseudoplasmodial Fractions 








Fic. 11. Comparison of sorocarp formation from entire pseudoplasmodia and 
from different fractions of the same. Only apical fractions migrate, and the 
period of migration influences the character of the sorocarps subsequently pro- 
duced. 


mediately after transfer were definitely more abnormal than those 
formed following an extended period of migration. 

A supplement to the above experiment was now performed in which 
the extent of migration of apical fractions was to some degree con- 
trolled. Anterior fractions were excised and transplanted on fresh 
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agar plates as before. To limit migration some of these were placed 
at a temperature of 28°-30°C (see p. 257); to encourage continued 
migration others were placed at a temperature of 17°-18°C; while still 
others were retained at 20°-23°C. Results confirmed earlier observa- 
tions and provided a possible interpretation. When apical fractions 
produced fruiting structures promptly and without resuming migration, 
the sorocarps were regularly very abnormal in pattern and characterized 
by diminutive sori bearing very few or no spores, excessively heavy 
stalks commonly swollen at the base, and an absence of basal disks 
(Figure 11). When similar fractions migrated from 3-6 hours before 
building sorocarps the resulting structures were less abnormal but 
showed relatively small sori, comparatively heavy stalks and poorly 
formed, cone-shaped basal disks (Figure 11). Finally, when like 
fractions migrated for 18-24 hours before producing sorocarps the 
resulting structures were essentially normal in pattern with well formed 
sori, relatively thin stalks and expanded basal disks (Figure 11). Again 
many of the fractions resuming migration split dichotomously one or 
more times. It was further discovered that as the fractions continued 
migration they became progressively more elongate and in. all respects 
came to resemble small but normal migrating pseudoplasmodia. Ap- 
parently with each hour an excised apical fraction migrates, up to a 
limit undetermined as yet, the normality in pattern of the sorocarp, or 
sorocarps, subsequently produced increases. During the period of 
migration it seems probable that a realignment and reorganization of 
myxamoebae is constantly and progressively taking place; and this 
may be materially aided by the dichotomous splitting of the migrating 
fraction. From a body of myxamoebae formerly specialized for stalk 
production cnly, a normal ratio is eventually reestablished between 
supportive tissue and spore forming myxamoebae; and a normal re- 
lationship is likewise restored between the directive center and the 
body subject to it. The result is the appearance of a new and balanced 
organization, a whole which except for size is not unlike the parent 
structure from which the fraction was previously excised. 

The non-apical fraction on the other hand presents a strikingly dif- 
ferent picture, and it is important to note that its behavior is basically 
the same whether the bulk of a pseudoplasmodium is involved or only a 
small fraction of the same. Non-apical fractions rarely resume migra- 
tion, and except in isolated cases appear utterly incapable of establishing 
new centers able to initiate and direct migration. Yet, they remain 
capable of instituting promptly the production of fruiting structures, 





276 JOURNAL OF THE MITCHELL Society [December 


which when completed are regularly normal in pattern and of a size 
consistent with the mass of the fraction involved. The formation of 
typical sorocarps by posterior fractions artificially separated has a 
parallel in the normal behavior of the slime mold. When a pseudo- 
plasmodium separates transversely into two or more parts, as occasion- 
ally occurs, only the anterior part continues migration, the other collects 
into a rounded body and promptly forms a typical fruiting structure. 

The migrating pseudoplasmodium is strongly polarized and is charac- 
terized by marked functional and regional specialization. But such 
specialization is dependent upon a continuity of organization in the 
migrating body and is probably dependent upon the maintenance of 
particular spatial relationships between the myxamoebae comprising 
it. When the organization is disrupted the myxamoebae of the affected 
part immediately set about establishing new relationships, and the 
character and behavior of the new or modified organizations thus formed 
may be largely determined, as above, by the portion of the pseudoplas- 
modium involved. On the other hand, subsequent reorganization and 
behavior may be decided primarily by one or both of the following fac- 
tors: (1) The degree to which the original organization is disrupted, 
and (2) the environmental conditions, with special reference to nutri- 
ment, under which pseudoplasmodial fractions and disorganized myxa- 
moebae are placed. A survey of the relation to bacteria of migrating 
pseudoplasmodia and the myxamoebae which comprise them thus 
becomes necessary. 


Organization of the Migrating Pseudoplasmodium in Relation to Bacteria 


Pseudoplasmodia of Dictyostelium discoideum commonly migrate 
through bacterial colonies. If a pseudoplasmodium remains undis- 
turbed such a passage is entirely uneventful, and it subsequently forms 
a normal sorocarp beyond the limits of the bacterial colony (Figure 
4,C). But if it is crushed in the bacterial colony so that its organization 
is destroyed, the myxamoebae comprising it immediately return to the 
vegetative stage* and there is no reappearance of the fruiting phase until 


* Van Tieghem in 1880 reported that when a pseudoplasmodium of Dictyos- 
telium was broken up in distilled water the component myxamoebae regrouped 
themselves and formed a number of small fruiting structures; whereas in nutritive 
drops they resumed vegetative growth, divided a number of times, and subse- 
quently re-aggregated, giving rise to numerous fruits of normal size. Olive (11) 
repeated Van Tieghem’s experiments. He verified the formation of new smaller 
fruiting units in water; but he disagreed sharply concerning the behavior of 
myxamoebae when similarly dissociated in nutrient solutions, and reported that 
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all of the available bacteria have been consumed. Similarly if any 
portion of a migrating pseudoplasmodium is crushed in a bacterial 
colony, the myxamoebae which comprised it promptly revert to the 
vegetative stage and behave in the manner just described; but the por- 
tion which remained undisturbed continues a normal course of develop- 
ment. If the posterior portion is crushed, the undisturbed anterior 
part will continue migration and subsequently form a fruiting structure 
somewhere beyond the site where the mutilation took place. If the 
anterior portion is crushed and disorganized, the posterior fraction 
promptly collects into a rounded mass and proceeds immediately to 
build a small but normal sorocarp (Figure 4, D). The cultures resulting 
from disorganized and separated myxamoebae of an entire pseudo- 
plasmodium, or any part thereof (anterior, posterior, or central) are 
entirely similar; and the lapse of time between such disorganization 
and the appearance of new pseudoplasmodia is dependent upon the 
number of myxamoebae involved and the quantity of nutritive bacteria 
present. 

On the other hand, if a migrating pseudoplasmodium or any part 
thereof is crushed upon a sterile agar surface and the component myx- 
amoebae stirred up and more or less scattered, they begin within a few 
hours to aggregate into new pseudoplasmodia of extremely small size 
which subsequently form minute but typical sorocarps. The number 
and size of such secondary pseudoplasmodia and sorocarps depend upon 
the number of myxamoebae involved and the degree to which they are 
separated. If a pseudoplasmodium is merely compressed with a flat- 
tened needle so that it breaks into a number of more or less intact 
fragments, each of these will form a separate sorocarp; if the pseudo- 
plasmodium is crushed thoroughly and the myxamoebae are then 
spread into a thin but fairly continuous layer, a large number of very 
small fruiting units will develop; and finally, if the myxamoebae are 





he found ‘‘no evidence whatever of the resumption of a vegetative existence or of 
an increase in the number of individuals.’’ He noted that several fructifications 
might be produced from a disintegrated pseudoplasmodium but believed this was 
due solely to a rearrangement of myxamoebae already present. Neither Van 
Tieghem nor Olive appreciated the importance of the bacteria accompanying 
their cultures; and a probable explanation of Olive’s results may be sought either 
in the nutrient-poor decoctions employed, or the possible absence of bacteria in 
the pseudoplasmodia tested. Later studies by Oehler (10), Arndt (1) and myself 
substantiate the correctness of Van Tieghem’s observations, if we take into ac- 
count the determining role of the accompanying bacteria which he considered 
unimportant. 
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sufficiently scattered, no new pseudoplasmodia or sorocarps will be 
formed and the myxamoebae will disintegrate. 

This relationship between pseudoplasmodia and bacteria can be shown 
to advantage in a series of diagrams. Figure 12, A, represents the 
normal sequence of events when a central fraction of a migrating pseudo- 
plasmodium is removed and placed with as little disturbance as possible 
in the presence of added bacteria. The organization of the transplanted 
mass remains intact, and it proceeds immediately to build a fruiting 
structure. However, a limited number of myxamoebae are torn free 
from the mass during its transplantation; and these individuals, no 
longer forming an integral part of the mass or being subject to its or- 
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Fic. 12. Behavior of intact pseudoplasmodial fractions (A and B) in contrast 
to disorganized fractions (C and D) in the presence and in the absence of bacteria. 


ganization, revert to the vegetative stage, resume feeding, multiply, 
and consume the whole bacterial colony. Upon exhausting the food 
supply the myxamoebae enter the fruiting stage. The normal behavior 
of a like portion of a pseudoplasmodium in the absence of bacteria is 
shown in Figure 12, B. Again the excised fraction rounds up and 
straightway forms a fruiting structure. The free myxamoebae, how- 
ever, disintegrate. They can not reenter a pseudoplasmodial organi- 
zation because of their scattered positions, nor can they return to 
vegetative growth because of an absence of food. Figure 12, C, depicts 
the normal course of events when a similar portion of a pseudoplasmo- 
dium is completely crushed and disorganized in the presence of added 
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bacteria. All of the myxamoebae promptly resume vegetative growth 
and the fruiting stage does not reappear until the available food supply 
becomes exhausted. It should be borne in mind that the aggregates 
which then appear represent entirely new pseudoplasmodia, for there 
is no continuity of the original organization through this period of 
renewed growth. The behavior of the myxamoebae from a like portion 
of a pseudoplasmodium when dissociated in the absence of bacteria is 
shown in Figure 12, D. The organization of the fraction is wholly de- 
stroyed and each myxamoeba temporarily assumes an independent and 
individualistic course. But lacking food they can not resume vegetative 
growth and presently begin to reassemble in typical but small pseudo- 
plasmodia which subsequently build minute sorocarps. 

It is apparent that so long as the myxamoebae comprising a pseudo- 
plasmodium remain undisturbed the organization of that pseudo- 
plasmodium remains effective and intact. Within reasonable limits 
this holds true for fractions of pseudoplasmodia as well. But when the 
myxamoebae become separated or mixed up so that they no longer 
occupy their original positions and hence cease to bear particular 
relationships one to another, organization as a character of the mass 
ceases to exist. And once this communal or societal organization is 
lost, the myxamoebae no longer act in concert but behave again as 
independent organisms. In the presence of available food they resume 
feeding and the vegetative stage is reestablished; in the absence of 
available food, and after a brief period of independent existence, they 
establish new communal organizations leading to the formation of 
diminutive fruiting structures. 


SUMMARY 


Dictyostelium discoideum is especially suitable for studying the fruiting 
phenomena of the pseudoplasmodial slime molds (Acrasieae). It is 
easily placed in pure-mixed culture with selected “host” bacteria; it 
possesses unusually distinctive fruiting structures; and it is charac- 
terized by migrating pseudoplasmodia, which being composed of 
enormous number of undifferentiated but closely integrated myxamoe- 
bae, provide exceptionally favorable material for investigating pseudo- 
plasmodial organization. 

Escherichia coli was regularly used as nutritive bacteria while in cer- 
tain experiments Serratia marcescens was likewise employed. Con- 
trolled culture conditions were maintained as described. 

Pseudoplasmodium formation regularly follows the exhaustion of 
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available food (bacteria), and is hastened by (1) increased temperature, 
(2) decreased humidity, and (3) light. 

The myxamoebae entering a pseudoplasmodium normally collect 
into a compact, cylindrical body which migrates as a unit and subse- 
quently forms a single sorocarp. Pseudoplasmodia commonly migrate 
for several hours and for distances up to 5 or6cm. They are strongly 
phototactic, regularly migrating toward the light. They are likewise 
strongly polarized. Stimuli are received at or near the apex of the 
body and the direction of migration is likewise established there; the 
foci of these functions are termed respectively “receptive center” and 
“directive center.’”’ The body of a pseudoplasmodium ceases migration 
when the apical fraction is removed. However, its migration can be 
reinitiated by grafting to it a foreign apical fraction, and the united 
pseudoplasmodium will behave in a normal manner. 

The apical portion of the pseudoplasmodium becomes the terminus 
of the young fruiting structure. In this position it governs sorocarp 
formation and contributes directly to building the sorophore, the spore 
mass and basal disk being formed from the remainder of the pseudo- 
plasmodium. This can be demonstrated either (1) by grafting fractions 
of red and white pseudoplasmodia (from cultures with S. marcescens 
and E. coli, respectively), or (2) by forcing excised apical fractions to 
fructify without migration. Excised apical fracticns normally resume 
migration and the pattern of sorocarps subsequently produced is 
determined by the period of migration. Decapitated pseudoplasmodia 
and smaller non-apical fractions, however, do not continue migration 
but immediately build sorocarps of normal pattern and of a size propor- 
tional to the mass of the fractions. 

Pseudoplasmodia when undisturbed continue normal behavior in the 
presence of nutritive bacteria. When disorganized and dissociated 
under similar conditions, however, the constituent myxamoebae return 
immediately to vegetative growth and consume the available bacteria 
before reinitiating the fruiting phase. When disorganized in the 
absence of bacteria, the scattered myxamoebae promptly assemble 
into new and smaller fruiting organizations. In both cases new organ- 
izations arise—in the former case from the aggregation of daughter 
myxamoebae, in the latter case from the reaggregation of myxamoebae 
already present. 


Division or Sort MicrosBioLocy INVESTIGATIONS, 
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THE ODONATA OF SOUTH CAROLINA 
By B. ELwoop MontTGoMERY 


A few years ago Professor David Dunavan of Clemson College sent 
me a small collection of dragonflies from South Carolina, which had been 
collected, chiefly by himself, in 1936, The collection contained only 
37 specimens representing 13 species but a few of these were of special 
interest and nine of the 13 species appeared to be previously unreported 
from this state. 

Published records of Odonata from South Carolina are comparatively 
few and rather widely scattered. In the Zweiter Band of his Handbuch 
der Entomologie (1839), Burmeister described two species, Agrion 
discolor and A. saucium from ‘“‘Sud-Karolina’”’, and another, Epophthal- 
mia cinnamomea (Didymops transversa Say) from “Carolina”. All of 
the specimens were credited to Zimmerman. Calvert (1898), who 
studied Burmeister’s types in the Zoologisches Institut at Halle in 
May, 1896, found that A. discolor was based upon a ‘black’ female of 
Ischnura verticalis Say, and a teneral female of Agrion (now Amphia- 
grion) saucitum Burm. In his Synopsis of the Neuroptera of North 
America (1861) Hagen listed five species—Agrion discolor Burm., A. 
saucium Burm., Gomphus lividus Selys, Anazx junius Drury, and Tetra- 
goneuria semiaquea Burm.—from South Carolina. However, Hagen 
suspected that discolor was not a valid species, and after his compilation 
of Burmeister’s description, added, “unknown to me; is it not a female 
Agrion saucitum Burm.?” The collector of Hagen’s material of A. 
junius and T’. semiaquea from South Carolina was not noted, but the 
other species were credited to Zimmerman and the list of “materials 
upon which the Synopsis has been based’’ included the item, “Other 
species collected in South Carolina by Mr. Zimmerman, and furnished 
by the late Prof. Germar of Halle”. In addition to these, Hagen re- 
corded eight other species from ‘“Carolina’’—Calopteryx maculata 
Beauv., Aeshna quadriguttata Burm. (= Gomphaeschna furcillata (Say)), 
Didymops transversa Say, Tramea carolina Linné, Tramea chinensis 
De Geer, Celithemis eponina Drury, Libellula semifasciata Burm., and 
Libellula incesta Hagen. 

Rambur (1842) listed two species from “‘Caroline’””—Libellula camilla, 
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described as a new species, and L. lucilla, a new name for the specimen 
referred to L. eponina Drury by Fabricius (1793), which Rambur con- 
sidered distinct, saying ‘Cette description ne peut convenir ni a la 
figure de Drury”. However, Hagen (1861), indicating that he had seen 
the specimens upon which the Ramburian species were based (although 
he did not so mark the reference to Fabricius’ description and Rambur 
based his description of “lucilla’’ upon the ‘Texte de Fabricius’, with- 
out seeing the specimen!) placed both names as synonyms of (Celithe- 
mis) eponina and no one has questioned his judgment. Because “‘Caro- 
lina’ was used by early collectors and authors in a rather indefinite 
manner it appears best not to include any of these, even those credited 
to Zimmerman (D. transversa and L. incesta), in the South Carolina 
list on this authority alone. In fact, it is now well-known that Tramea 
chinensis (and the synonym 7’. virginia Rambur), although listed from 
America on the basis of specimens in the Vienna Museum and in Ram- 
bur’s collection, labelled ‘Carolina’ and “Virginia’’, respectively, is 
confined to the Orient, and that these specimens were erroneously 
labelled. 

In his descriptions of “The Immature State of the Odonata” (1872, 
1881), Cabot cited South Carolina for two species. His description of 
the nymph of Gomphus pilipes (= G. pallidus ?) is based upon two speci- 
mens from this state in the Hagen Collection, and that of “Gynacantha? 
species’’, although based upon two nymphs from a “Locality unknown, 
probably Brazil’, is accompanied by the note “‘a smaller nymph from 
Charleston, S. C., and one from Florida, and some... from Rio San 
Francisco, Brazil, Thayer Exp., are identical”. However, as very little 
was known concerning the specific, or even generic, differentials of 
Odonata nymphs at that time these references are worthless as records 
of distribution. A notation in the preface to these papers by Hagen, “‘I 
am responsible in this monograph for the determination of the species, 
as Mr. L. Cabot had not studied the imago before”’ is more than counter- 
balanced for any authenticity which it might give these determinations 
by statements following many of the descriptions that reference to a 
particular species (or genus) was by supposition only. ‘“These nymphae 
are, of course, referred to G. pilipes as probably belonging there or to a 
related species”! “The determination is by supposition; no species 
living both in South Carolina and Brazil being known; indeed no species 
of Gynacantha is known in the United States. The nympha plainly 
belongs to the Aeschnina, and its abnormal shape strongly points to 
xynacantha; at least no other genus so abnormal is known’’!! 
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In 1893 Calvert listed South Carolina in the distribution of three 
species—Amphiagrion saucium, Gomphus plagiatus Selys, and Libellula 
plumbea Uhler (= L. flavida Ramb.). His record for the first was 
probably based upon literature, but he had evidently seen specimens 
of the other two from this state. 

Muttkowski in his catalogue of the Odonata of North America (1910) 
listed states more or less as limits of the distribution of species but cited 
South Carolina for only three species—Argia fumipennis, Amphiagrion 
saucium and Didymops transversa. Needham and Heywood used the 
same method in the Handbook of the Dragonflies of North America 
(1929) but named South Carolina for only two species—Didymops 
transversa and Enallagma weewa. 

In 1922 Williamson published three papers containing references to 
dragonflies (of the genera Libellula, Celithemis and Enallagma, respec- 
tively) collected at Kathwood, Aiken County, April 29 to May 9, 1921, 
by J. H. Williamson. In 1927 Byers described Enallagma weewa, in- 
cluding in the type series some of the Kathwood specimens, which had 
been recorded by Williamson as E. exsulans. In his report on “Dixie 
Dragonflies Collected During the Summer of 1930”, Byers (1931) 
recorded 10 species taken at Ware Shoals, Greenwood County, June 29, 
one of which was also recorded from Chappells, Newberry County, the 
following day. In 1932 Williamson described Stylurus laurae, based, 
in part, on a series of specimens collected along the North Saluda River, 
Greenville County, October 5 and 6, 1931, and listed eight other species 
taken at the same time, and in his report on the collections of the 1931 
expedition (1934), he repeated these records and added others from 
specimens taken at a shallow pond in Aiken County, along Turkey 
Creek in Greenwood County, along a tributary of the Saluda River in 
Laurens County, and at the North Saluda River locality, all on Octo- 
ber 4. 

In 1936 Gloyd described Stylurus townesi from a single male collected 
in Greenville County, along the South Saluda River a few miles below 
the reservoir at Table Rock Mountain by Henry K. Townes, Jr. In 
the same year Needham and Fisher described the nymph of Cannacria 
(= Brachymesia) gravida (Calvert) from several exuviae likewise col- 
lected by Mr. Townes “‘at Lake Marie, Horry County, on June 24, 1932, 
where adults of this species were flying in numbers.” 

My interest in the Odonata fauna of South Carolina having been 
aroused by a study of Professor Dunavan’s collection and the compila- 
tion of published records for the state, I tried to secure additional 
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records. When I visited the Williamson Collection at the University 
of Michigan Museum of Zoology, June 26 to 29, 1939, Mrs. Leonora 
K. Gloyd assisted me in finding a considerable number of South Carolina 
specimens which had not been recorded in published papers. These 
included specimens collected in Kathwood in 1921 by J. H. Williamson 
but not mentioned in the 1922 papers by E. B. Williamson and several 
small collections made, chiefly, in Lexington County by Laura Brodie. 

In July, 1939, I made a trip into the Southeast and visited South 
Carolina but was able to spend only about half a day collecting in that 
state—in the vicinity of Greenville. However, through the kindness of 
Professors O. L. Cartwright and Franklin Sherman I was given an op- 
portunity to examine the Odonata records in the State Insect Survey 
Records at Clemson College. Because of limited time I was able to 
copy only the records of the Anisoptera but Professor Sherman kindly 
copied and sent me the records of the Zygoptera within a few days after 
my visit. These records—at least, those of the Odonata—are based 
chiefly upon specimens collected by students and staff of the Depart- 
ment of Entomology of Clemson College, and include in addition to the 
locality and date of collection, the collector and the name (or initials) 
of the specialist responsible for the determination of each specimen. 
Most of the Odonata were determined by Dr. C. 8. Brimley. Many of 
the specimens upon which these records are based are in the collections 
at Clemson College and Professor Sherman very kindly permitted me 
to bring for careful study certain specimens, the determinations of 
which might be questioned because of unsettled synonymy or recent 
descriptions of new species. 

Through the interest of Mr. F. M. Gaige, director of the Museum of 
Zoology at the University of Michigan I was able to return to the 
Southeast, with a collecting party consisting of Lynn Robertson, Jr., 
Marshall B. McDonald and myself, in August, 1939. Although most 
of the time was spent in North Carolina, two excursions were made into 
South Carolina and collections were made in four localities including 
Brown’s Lake at Mountain Rest, where Professor Dunavan had col- 
lected, Lakeside which I had visited in July, and the North Saluda River 
near Plumley Mountain, where both Townes and the Williamson ex- 
pedition of 1931 had worked. 

Numerous records, credited to H. K. Townes, Jr., and consisting 
only of the county and year (or period of years, as “‘1929-1933’’) were 
found in the State Insect Survey Records. 

In answer to an inquiry about these records Doctor Townes wrote, in 
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part, “I have quite a few (records) and had vaguely planned to publish a 
list of the S. C. Odonata myself, but haven’t had much time for this 
group recently and would be just as glad to turn the matter over to you. 
....These (specimens) were determined by myself, Williamson, Gloyd 
and Needham. I believe that they are all accurate.’”’ Later Doctor 
Townes sent the records, all carefully arranged in the same manner as 
my compilation of published records, a copy of which he had seen, 
together with information; concerning the localities where he had 
collected and a few notes on the abundance of certain species. 

All of these records have been combined in the following list of 
species, in which the county is used as a unit of distribution in accord- 
ance with a more or less uniform plan which has been followed in other 
state lists of Odonata (Indiana—Williamson 1917 and Montgomery 
1925-1937, Michigan—Byers 1927a, Ohio—Borror 1937-1938, and 
Utah—Brown 1934). However, locality, date and collector for pre- 
viously unpublished and author and date for published records are 
given in parenthesis following county names. Initials are used to 
indicate the collectors, as follows: 


AWC—A. W. Crawford JAB—J. A. Berly 
BBP—B. B. Pepper JHW—J. H. Williamson 
BEM—B. Elwood Montgomery LB—Laura Brodie 
BF—B. Freeman MBS—M. B. Stevenson 
CSB—C. S. Brimley MRM—Montgomery, Robertson 
DD—David Dunavan and McDonald 
ECM—E. C. Murdock OLC—O. L. Cartwright 
EWH—E. W. Howe RMM—R. M. McKenzie 
FS—Franklin Sherman SEJ—S. E. Jones 
GEH—G. E. Hudson WHC—W. H. Clark 
HKT—Henry K. Townes, Jr. WMS—W. M. Smith 


The specimens collected by Townes are in his private collection (ex- 
cept a few in the Needham and Williamson collections), those by J. H. 
Williamson, Laura Brodie, and Montgomery, Robertson and McDonald, 
in the Williamson Collection, those by Montgomery in his private 
collection, and all others, as far as preserved, in the Clemson College 
Collection, except those for which the initials of the collector are starred 
(*) which are in the Montgomery collection. 

Almost all of the localities cited may be found on any map of South 
Carolina showing post offices and the more important natural features. 
However, certain records, especially of specimens collected by Miss 
Brodie, are listed under the names of individual ponds or other local 
features, rather than under the post office or more general name of the 
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locality, to conform to the collection data preserved with specimens and 
thus avoid any confusion connected with the study of this material in 
the future. ‘Allen Pond (or Allen’s Pool) is in the town of Leesville 
in the Piedmont Belt, but not more than two or three miles from the 
line, and Shealy Pond is one and one-half miles southwest of Leesville, 
just in the Atlantic Coastal Plain.” 

The name for one locality, quoted frequently in the South Carolina 
Insect Survey Records, has been changed—from Meredith to Ashwood. 
In reply to an inquiry about Meredith which could not be found on any 
map consulted, Mr. Cartwright wrote, ‘The locality, Meredith, was in 
Lee County. The name came from a local railroad stop, there being 
no post office within twelve miles. Recently the Resettlement Ad- 
ministration has developed a large project in the locality and the name 
has been changed to Ashwood. I suggest that you change all Meredith 
records to read Ashwood.”’ 

The type locality of Stylurus townesi is given as “along the South 
Saluda River a few miles below the reservoir at Table Rock Mountain” 
(Gloyd 1936), and Doctor Townes wrote that this locality is the same 
as “Venus, where a resort called Pioneer Park is located.”” The Saluda 
River locality cited in this paper is about five miles west of Greenville 
“where route 13 crosses the Saluda River’ which here forms the Green- 
ville-Pickens county line. The Williamson-Ditzler expedition of 1931 
collected along the North Saluda River for about five miles above the 
bridge on U. S. Road 25 and for an equal distance below the bridge. 
Doctor Townes wrote that ‘“Plumley Mt., is the locality in the valley 
of the N. Saluda River described by Williamson as the type locality 
of Stylurus laurae; this is between Saluda Falls and U. S. route # 25, 
altitude about 1100 feet.” Our 1939 collections along the North 
Saluda were made at a point about four miles below the bridge. 


LIST OF SPECIES 


2'. Tachopteryx thoreyi (Hagen). Oconee? (Jocassee, June 25, 1935, 
OLC; Tamassee, June 28, 1939, JAB), Pickens (Rocky Bottom, May 
22, 1934, OLC, June 1, 1933, OLC, June 3, 1932, WMS). 


1 Pending completion of the author’s Synonymic Catalogue of the Odonata of 
the Nearctic Region, the numbers of Needham and Heywood’s Handbook of the 
Dragonflies of North America are being followed in all lists. However, the 
nomenclature of the Handbook is not always used and the sequence of species is 
modified whenever necessary to conform to these changes in nomenclature. 

2? Names in bold face type are county names. 
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3. Progomphys obscurus (Rambur). Greenville (River Falls, July 
22, 1932, HKT), Oconee (Clemson, July 10, 1931, CSB and JAB). 

7. Hagenius brevistylus Selys. Greenville (River Falls, June 29, 
1931, HKT), Lexington (Leesville, Aug. 24, 1934, LB), Pickens (Rocky 
Bottom, Aug. 2, 1928, FS). 

25. Erpetogomphus designatus Hagen. Greenville (Lakeside, Aug. 
22, 1939, MRM; Saluda River, Aug. 21, 1931, HKT). 

28. Gomphus parvidens Currie. Oconee (Clemson, May 19, 1928, 
BBP; Walhalla, Apr. 19, 1933, JAB), Pickens (Camp Adger, June 30, 
1931, JAB). 

30. Gomphus abbreviatus Hagen. Oconee (Clemson, Apr. 17, 1932, 
OLC, Apr. 28, 1931, JAB). 

44. Gomphus dilatatus Rambur. Oconee (Clemson, May 20, 1927, 
GEH). 

51. Gomphus lividus Selys. ‘South Carolina (Zimmerman)” (Hagen 
1861), Clarendon (St. Paul, Apr. 13, 1929, OLC), Greenville (Greenville, 
Mar. 29, 1931, Apr. 21, 1930, HKT; River Falls, Apr. 28, 1930, HKT; 
Saluda River, Apr. 28, 1930, HKT), Oconee (Salem, Apr. 7, 1938, CSB). 
“Common along small streams in early spring’”—notes from Townes. 

58. Gomphus exilis Selys. Clarendon (St. Paul, Apr. 22, 1931, OLC). 

40. Stylurus scudderi (Selys). Greenville (Williamson 1932, 1934). 

49. Stylurus plagiatus (Selys). ‘South Carolina” (Calvert, 1893), 
Greenville (Saluda River, Aug. 21, 1931, HKT,—a female doubtfully 
referred to this species by Williamson; Williamson 1932, 1934). 

50. Stylurus spiniceps (Walsh). Greenville (Williamson, 1932, 1934). 

— Stylurus laurae Williamson. Greenville (Plumley Mt., Sept. 1, 
1932, HKT; Williamson 1932, 1934). 

— Stylurus townesi Gloyd. Greenville (North Saluda River, Aug. 
22, 1939, MRM; Gloyd 1936). 

75. Dromogomphus spinosus Selys. Greenville (Saluda River, June 
4, 1933, HKT; Venus, July 2, 1933, HKT). 

77. Lanthus parvulus (Selys). Pickens (Rocky Bottom, June 1, 
1933, MBS). 

81. Boyeria vinosa (Say). Greenville (Callahan Mt., July 20, 1932, 
HKT;; North Saluda River, Aug. 22, 1939, MRM; Saluda River, Sept. 
11, 1932, June 28, 1933, July 29, 1933, HKT; Venus, July 8, 1931, HKT; 
Williamson 1932, 1934), Greenwood (Williamson 1934), Laurens (Wil- 
liamson 1934), Oconee (Clemson, Oct. 1925, a student). 

83. Anax longipes Hagen. Greenville (Lakeside, July 18, 1939, 
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BEM; River Falls, July 1 and 7, 1931, HKT), Oconee, (Walhalla, Aug. 
2, 1931, JAB). 

85. Anaz junius (Drury). “South Carolina” (Hagen 1861), Charles- 
ton (Percher’s Bluff, Aug. 22, 1929, FS and OLC), Greenville (Plumley 
Mt., Apr. 1, 1933, HKT; River Falls, June 29, 1931, HKT), Lexington 
(Allen Pond, Aug. 27, 1934, LB), Oconee (Clemson, Apr. 7, 1933, JAB, 
May 23, 1936, JMT*; Jocassee, Aug. 18, 1929, WHC; Mountain Rest, 
Apr. 9, 1933, JAB; Oconee State Park, Aug. 20, 1939, MRM), Pickens 
(Rocky Bottom, June 1, 1933, OLC), Saluda (Monetta, Apr. 8, 1929, 
JAB). 

88. Coryphaeschna ingens Rambur. Jasper (Hardeeville, Aug. 18, 
1931, OLC). 

91. Epiaeschna heros (Fabricius). Greenville (Greenville, Apr. 15, 
1932, HKT), Horry (Myrtle Beach, July 2, 1932, HKT), Lexington 
(Lightwood Knot Creek, Apr. 12, 1929, OLC), Oconee (Clemson, Apr. 
22, 1927, SEJ, Apr. 29, 1930, JAB, May 5, 1927, WHC). 

97. Aeshna umbrosa Walker. Greenville (Greenville, Sept. 25, 1931, 
HKT; River Falls, July 19, 1931, HKT; Williamson 1934), Pickens 
(Rocky Bottom, Sept. 21, 1931, OLC). 

115. Cordulegaster erroneus Hagen. Greenville (Plumley Mt., Aug. 
25, 1931, Sept. 1, 1932, HKT; Venus, July 4, 1933, HKT). 

119. Cordulegaster diastatops (Selys). Greenville (Saluda River, 
Apr. 9, 1931, HKT), Oconee (Clemson, Apr. 7, 1929, OLC, Apr. 24 
and 29, 1930, JAB, Apr. 25, 1933, OLC, May 1, 1927, GEH, May 21, 
1933, OLC). 

120. Cordulegaster maculatus Selys. Greenville (Greenville, Mar. 
29, 1932, HKT; Venus, Apr. 26, 1931, HKT). 

121. Macromia illinoiensis Walsh. Greenville (Saluda River, Aug. 
23, 1931, HKT), Oconee (Jocassee, June 25, 1935, OLC). 

128. Macromia georgina (Selys). Greenville (Saluda River, Aug. 
31, 1932, HKT), Greenwood (Byers 1931), Lee (Ashwood, July 24, 
1928, OLC), Sumter (Mayesville, Aug. 12, 1930, JAB). 

130. Didymops transversa (Say). ‘Me. and Mich to Ga. and 8. C.” 
(Muttkowski 1910), “Alta., Me., Mich. to 8. C. and Ga.”” (Needham 
and Heywood), Clarendon (St. Paul, Apr. 13, 1929, OLC), Greenville 
(Venus, Apr. 21, 1931, HKT). 

138. Tetragoneuria cynosura Say. Greenville (Taylors, Apr. 26, 
1933, JAB; Venus, July 2, 1933, HKT), Oconee (Clemson, Apr. 28, 
1930, a student). 

138. Tetragoneuria semiaquea (Burmeister). ‘South Carolina” (Ha- 
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gen 1861), Aiken (Aiken, Aug. 24, 1930, JAB), Anderson (Anderson, 
Aug. 30, 1931, JAB), Lexington (Lake Murray, Aug. 14, 1930, JAB; 
Pelion, Apr. 8, 1929, JAB), Oconee (Clemson, May 1929, AWC), 
Pickens (Six Mile, Sept. 8, 1931, OLC). The card in the South Caro- 
lina Insect Survey Records with the six definite records listed here 
carries two specific names—cynosura cynosura Say and semiaquea 
Burmeister. Concerning it, Mr. Cartwright wrote, “Apparently Doctor 
Brimley determined the species under each name at different times, 
probably stating the two were synonymous.’”’ Doctor Townes lists a 
male from Greenville, April, 1928, which “Williamson determined as 
either simulans or semiaquea calverti.” 

146. Somatochlora linearis (Hagen). Greenville (Venus, Aug. 13, 
1931, HKT). 

148. Somatochlora tenebrosa (Say). Greenville (near Cedar Mt., 
N. C., Sept. 22, 1934, HKT; Williamson 1932, 1934), Oconee (Clemson, 
July 23, 1931, JAB). 

172. Perithemis tenera (Say). Anderson (Anderson, Aug. 3, 1931, 
JAB), Charleston (McClellanville, June 16, 1930, HKT), Georgetown 
(Brook Green, July 1, 1932, HKT), Greenville (near Conestee, July 
18, 1939, BEM; Greenville, June 21, 1933, HKT; Lakeside, July 18, 
1939, BEM, Aug. 22, 1939, MRM), Greenwood (Greenwood, Aug. 14, 
1930, FS; Byers 1931), Horry (Enterprise, July 6, 1932, HKT), Lex- 
ington (Allen Pond, Aug. 27, 1934, LB; Brodie Pond, Sept. 11, 1934, 
LB; Lake Murray, Aug. 14, 1930, JAB; Leesville, Aug. 24-26, 1934, 
LB), Oconee (Clemson, Sept. 24, 1931, JAB), Pickens (Six Mile, Sept. 
8, 1931, OLC). ‘Common over sunlit ponds and slow streams’’— 
notes from Townes. 

173. Celithemis eponina (Drury). Georgetown (Georgetown, Aug. 
16, 1931, OLC), Horry (Myrtle Beach, June 15, 1932, HKT, July 3, 
1930, DD). 

174. Celithemis elisa Hagen. Aiken (Williamson 1922b), Anderson 
(Anderson, June 30, 1931, JAB), Barnwell (Williston, July 27, 1931, 
JAB), Greenville (Greenville, July 19, 1933, HKT; Mountain Lake 
Colony, July 13, 1931, HKT; Venus, July 4,.1933, HKT), Greenwood 
(Greenwood, Aug. 14, 1930, JAB), Oconee (Mountain Rest, Aug. 20, 
1939, MRM). 

176. Celithemis fasciata Kirby. Aiken (Wagener, June 27-28, 1935, 
LB), Anderson (Anderson, June 30, 1931, JAB), Greenville (Lakeside, 
July 18, 1939, BEM; Venus, July 4, 1933, HKT), Lexington (Leesville, 
Aug. 24-26, 1934, LB), Oconee (Mountain Rest, July 23-25, 1936, 
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DD*). As I have noted previously (Montgomery 1937), South Caro- 
lina specimens of this species are more or less intermediate in some of the 
characters used by Williamson (1910) to separate fasciata and monome- 
laena; there is little or no yellowish clouding of the enclosed basal area 
in the rear wing and the colored area just proximal and posterior to the 
nodus of the fore wing does not usually extend beyond Cu,. A more 
extended discussion of this variation will be included in a paper on the 
material collected during the 1939 southeastern trips now in preparation. 

178. Celithemis amanda (Hagen). Barnwell (Williston, July 27, 
1931, JAB), Chesterfield (McBee, Aug. 7, 1926, FS), Georgetown 
(Georgetown, Aug. 11, 1933, OLC). 

179. Celithemis ornata (Rambur). Aiken (Wagener, June 27-28, 
1935, LB), Barnwell (Williston, July 27, 1931, JAB), Clarendon (St. 
Paul, Apr. 13, 1929, OLC), Lexington (Lightwood Knot Creek, Apr. 
12, 1929, OLC). 

184. Erythrodiplax minuscula (Rambur). Aiken (Williamson 1934), 
Beaufort (Yemassee, Aug. 18, 1931, OLC), Charleston (McClellanville, 
July 2, 1930, HKT), Clarendon (St. Paul, June 15, 1931, OLC), Green- 
ville (Greenville, July 19, 1933, HKT; North Saluda River, Aug. 22, 
1939, MRM; Plumley Mt., Apr. 1, 1933, HKT; River Falls, July 15, 
1931, HKT; Venus, July 4, 1933, HKT), Horry (Pine Island, June 12, 
1932, HKT), Lexington (Shealy Pond, Aug. 29, 1934, LB), Oconee 
(Mountain Rest, Aug. 20, 1939, MRM). 

185. Erythrodiplax berenice (Drury). Beaufort (Hiltonhead Island, 
Sept. 8, 1932, OLC), Horry (Myrtle Beach, June 12, 1932, HKT). 

187. Ladona deplanata (Rambur). Abbeville (Antreville, Mar. 29, 
1928, ECM). 

190. Holotania luctuosa (Burmeister). Anderson (Anderson, Aug. 
3, 1931, JAB), Greenville (Greenville, July 19, 1933, HKT; River Falls, 
July, 1931, HKT; Lakeside, July 18, 1939, BEM, Aug. 22, 1939, MRM; 
Venus, July 4, 1933, HKT), Oconee (Jocassee, Aug. 18, 1926, FS). 

193. Holotania auripennis (Burmeister). Aiken (Wagener, June 
27, 28, 1935, LB; Williamson 1922a), Anderson (Anderson, June 30, 
1931, JAB), Beaufort (Yemassee, Aug. 18, 1931, OLC), Charleston 
(McClellanville, June 16, and July 8, 1930, HKT), Georgetown (Brook 
Green, July 1, 19832, HKT; Georgetown, Aug. 14, 1933, Aug. 16, 1931, 
OLC), Greenville (Greenville, July 19, 1933, HKT; River Falls, July 
20, 1931, HKT; Venus, July 4, 1933, HKT), Horry (Myrtle Beach, 
June 15, 1932, HKT), Oconee (Clemson, June 1936, WHC), Pickens 
(Rocky Bottom, June 24, 1932, FS), “An abundant species near the 
coast’’—notes from Townes. 
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196. Holotania cyanea (Fabricius). Anderson (Anderson, June 30 
and Aug. 3, 1931, JAB), Greenville (Callahan Mt., June, 1929, HKT; 
Greenville, July 19, 1933, HKT; River Falls, July 17, 1931, HKT; 
Venus, July 4, 1933, HKT), Oconee (Clemson, May 22, 1927, GEH; 
Jocassee, Aug. 18-19, 1926, FS). 

197. Holotania flavida (Rambur). ‘New York to South Carolina” 
(Calvert 1893), Beaufort (Yemassee, Aug. 18, 1931, OLC), Georgetown 
(Brook Green, July 1, 1932, HKT), Greenville (Greenville, June 1, 1930, 
May 30 and July 19, 1933, HKT; River Falls, July 19, 1931, HKT), 
Lexington (Allen Pond, Aug. 27, 1934, LB; Leesville, Aug. 14, 1930, 
JAB), Oconee (Clemson, July 15, 1931, OLC, Aug. 11, 1926, WHC). 

204. Holotania incesta (Hagen). Anderson (Anderson, July 7, 
1933, JAB), Charleston (McClellanville, June 16, 1930, HKT), Dor- 
chester (Rosinville, June 16, 1931, OLC), Hampton (Hampton, July 
27, 1931, JAB), Georgetown (Brook Green, July 1, 1932, HKT), 
Greenville (Lakeside, July 18, 1939, BEM, Aug. 22, 1939, MRM; 
North Saluda River, Aug. 22, 1939, MRM; River Falls, July 19, 1931, 
HKT; Venus, July 4, 1933, HKT), Horry (Myrtle Beach, June 16, 
1932, HKT), Lexington (Leesville, Aug. 24-26, 1934, LB), Oconee 
(Jocassee, Aug. 19, 1926, WHC; Mountain Rest, July 25, 1936, DD*, 
Aug. 20, 1939, MRM; Oconee State Park, Aug. 20, 1939, MRM). 

205. Holotania vibrans (Fabricius). Aiken (Williamson 1922a), 
Charleston (Charleston, July 27, 1931, JAB; McClellanville, June 16, 
1930, HKT), Dorchester (Summerville, July 27-29, 1931, JAB), 
Florence (Florence, May 25, 1930, OLC), Georgetown (Brook Green, 
July 1, 1932, HKT), Greenville (Callahan Mt., June and July, 1929, 
HKT), Hampton (Hampton, July 27 and 29, 1931, JAB), Horry (Myrtle 
Beach, June 16, 1932, HKT), Lexington (Allen Pond, Aug. 27, 1934, 
LB), Oconee (Clemson, June 28, 1929, July 27, 1931, JAB), Pickens 
(Rocky Bottom, June 29, 1929, JAB). 

206. Holotania azillena (Westwood). Charleston (Adams Run, 
Aug. 23, 1934, OLC), Dorchester (Summerville, Aug. 15, 1931, FS), 
Hampton (Lena, July 8, 1930, JAB). 

198. Eolibellula semifasciata (Burmeister). Beaufort (Yemassee, 
Aug. 18, 1931, OLC), Charleston (McClellanville, June 16, 1930, HKT), 
Colleton (Green Pond, Apr. 1, 1933, OLC), Greenville (Greenville, 
Apr. 21, 1930, HKT), Hampton (Scotia, June 15, 1931, OLC), Oconee 
(Clemson, May 22, 1929, AWC). 

199. Neotetrum pulchellum (Drury). Aiken (Williamson 1934), 
Cherokee (Gaffney, Aug. 24, 1933, JAB), Greenville (Greenville, July 
19, 1933, HKT; North Saluda River, Aug. 22, 1939, MRM;; River Falls, 





294 JOURNAL OF THE MITCHELL Society [December 


Aug. 26, 1931, HKT), Oconee (Clemson, June 18-19, 1931, July 29, 
——, Aug. 14, 1931, JAB; Jocassee, Aug. 19, 1926, WHC). 

207. Plathemis lydia (Drury). Aiken (Williamson 1934), Greenville 
(Conestee, July 18, 1939, BEM; Greenville, Apr. 21, and May 18, 1930, 
May 30 and July 19, 1933, HKT; River Falls, Apr. 29, 1931, HKT), 
Oconee (Clemson, Apr. 29, 1930, JAB, May 9 and 26, 1936, DD*, 
May 28, 1931, JAB, Aug. 14, 1931, JAB; Jocassee, Aug. 19, 1926, 
WHC; Oconee State Park, Aug. 20, 1939, MRM), Spartanburg (Well- 
ford, July 8, 1939, RMM). 

209. Brachymesia gravida (Calvert). Horry (Myrtle Beach, June 
16, 1932, HKT; Needham and Fisher 1936). 

210. Tarnetrum corruptum (Hagen). Beaufort (Yemassee, Dec. 
13, 1931, JAB), Oconee (Jocassee, Dec. 15, 1931, JAB). 

214. Sympetrum ambiguum (Rambur). Beaufort (Yemassee, Dec. 
27, 1931, JG@W), Greenville (Greenville, Sept. 9, 1930, Sept. 11, 1929, 
HKT; Saluda River, June 28, 1933, HKT), Horry (without locality, 
June 15, 1932, HKT), Oconee (Clemson, Aug. 22, 1929, FS; Mountain 
Rest, July 25, 1936, DD*). 

230. Pachydiplax longipennis (Burmeister). Aiken (Kathwood, May 
5, 1921, JHW), Anderson (Anderson, June 30, 1931, JAB), Beaufort 
(Yemassee, Aug. 2, —, JAB), Charleston (Adams Run, Aug. 22, 1934, 
OLC), Clarendon (St. Paul, Apr. 13, 1929, OLC), Greenville (Conestee, 
July 18, 1939, BEM; Greenville, Apr. 10, 1931, HKT; North Saluda 
River, Aug. 22, 1939, MRM; River Falls, June 19, 1931, HKT; Venus, 
July 4, 1933, HKT), Hampton (Fairfax, July 10, 1930, JAB; Lena, 
July 10, 1930, JAB), Horry (Myrtle Beach, June 13, 1932, HKT), 
Jasper (Ridgeland, Aug. 12, 1926, JAB), Lexington (Allen Pond, Aug. 
27, 1934, Leesville, Aug. 24-26, 1934, LB), Oconee (Clemson, May 9, 
1936, DD*, Aug. 5, 1927, BBP; Jocassee, Aug. 19, 1926, WHC; Moun- 
tain Rest, July 25, 1936, DD*). “One of the commonest species in 
South Carolina’’—notes from Townes. 

231. Erythemis simplicicollis (Say). Aiken (Kathwood, Apr. 29, 1921, 
JHW; Wagener, June 27-28, 1935, LB), Anderson (Anderson, June 30, 
1931, JAB), Beaufort (Yemassee, July 14, 1931, Aug. 13, 1926, JAB), 
Charleston (Charleston, July 8, 1930, JAB; McClellanville, June 16 
and July 10, 1930, HKT), Clarendon (St. Paul, Apr. 13, 1929, OLC), 
Georgetown (Brook Green, July 1, 1932, HKT), Greenville (Greenville, 
July 19, 1933, HKT; Lakeside, July 18, 1939, BEM; River Falls, July 
1, 1931, HKT; Venus, July 4, 1933, HKT), Greenwood (Greenwood, 
Aug. 14, 1930, JAB), Horry (Little River, Aug. 20, 1934, FS; Myrtle 
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Beach, June 15, 1932, HKT), Lee (Ashwood, May 23 and Sept. 6, 1926, 
OLC), Lexington (Shealy Pond, Aug. 29, 1934, LB), Richland (Colum- 
bia, May 1, 1926, OLC), Spartanburg (Wellford, July 3, 1939, RMM). 

238. Pantala hymenaea (Say). Greenville (Greenville, Aug. 16, 
1931, HKT), Greenwood (Byers 1931), Lexington (Lake Murray, 
Aug. 14, 1930, JAB). 

239. Pantala flavescens (Fabricius). Georgetown (Brook Green, 
July 1, 1932, HKT), Greenville (Greenville, Aug. 25, 1933, HKT), 
Greenwood (Byers 1931), Hampton (Fairfax, Aug. 15, 1922, EWH), 
Horry (Myrtle Beach, June 27, 1932, HKT), Oconee (Clemson, Aug. 
22, 1928, ECM; Jocassee, Aug. 19, 1926, FS), Pickens (Rocky Bottom, 
Aug. 2, 1928, FS), Spartanburg (Wellford, Aug. 5, 1939, RMM). 

242. Tramea lacerata Hagen. Greenville (Greenville, July 19, 1933, 
HKT; River Falls, June 29, and July 4, 1931, HKT), Oconee (Jocassee, 
Aug. 18, 1926, FS). 

243. Tramea onusta Hagen. Anderson (Anderson, Aug. 31, 1931, 
JAB). 

244. Tramea carolina (Linnaeus). Aiken (Aiken, Aug. 12, 1926, 
JAB), Clarendon (St. Paul, Apr. 13, 1929, OLC), Colleton (Green Pond, 
Apr. 1, 1933, OLC), Georgetown (Georgetown, Aug. 14, 1933, JAB), 
Greenville (Greenville, July 19, 1933, HKT; River Falls, July, 1931, 
HKT; Venus, July 4, 1933, HKT), Greenwood (Troy, Sept. 25, 1930, 
JAB), Oconee (Jocassee, Aug. 19, 1926, WHC). 

249. Calopteryx dimidiatum Burmeister. Florence (Florence, May 
9, 1930, OLC), Greenville (North Saluda River, Aug. 22, 1939, MRM; 
River Falls, July 15, 1932, HKT; Venus, July 2, 1933, HKT), Oconee 
(Clemson, June 27, 1933, OLC, July 27, 1929, FS), Orangeburg (Eutaw 
Springs, Apr. 14, 1929, OLC). There is a record of C. apicale from 
Clemson, July 27, 1929, in the South Carolina Insect Survey Records. 
However, there is some question concerning the specific distinctness 
of these two species, and Doctor Brimley placed the notations “possibly 
apicale’”’ on the dimidiatum card and “may be dimidiatum”’ after the 
apicale record. In general the name dimidiatum is used for specimens 
from the region south of Chesapeake Bay and apicale for those from 
the North. The southern specimens are usually larger and have broader 
wings with a more narrow apical band (about one-fifth instead of one- 
fourth of the wing length); the Clemson specimen, a female, referred to 
apicale has these characteristics except that the apical band is too faint 
for its exact extent to be determined. (I did not see the specimen(s) 
collected at the same time which were referred to dimidiatum.) 
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251. Calopteryx maculatum (Beauvois). Charleston (McClellanville, 
June 14, 1930, HKT), Florence (Florence, May 2, 10 and 27, 1930, 
OLC), Greenville (Conestee, July 18, 1939, BEM; Greenville, June 17, 
1931, JAB, Sept. 9, 1930, HKT; North Saluda River, Aug. 22, 1939, 
MRM; River Falls, July 15, 1932, HKT; Saluda River, June 28, 1933, 
HKT; Venus, July 2, 1933, HKT; Williamson 1932, 1934), Greenwood 
(Byers 1931; Williamson 1934), Horry (Myrtle Beach, June 13, 1932, 
HKT, Laurens (Williamson 1934), Lexington (Allen Pond, Aug. 27, 
1934, LB), Newberry (Pomaria, June 20, 1931, JAB), Oconee (Clemson, 
May 13, 20, 25, 1927, WHC, May 18, 1928, ECM, May 13, 1927, 
GEH, May 1, 1929, BF, May 19, 1928, BBP, July 15, 1926, WHC, 
Nov. 3, 1926, student; Mountain Rest, Aug. 20, 1939, MRM). 

254. Hetaerina americana (Fabricius). Aiken (Kathwood, Apr. 29, 
1921, JHW), Lexington (Brodie Pond, Sept. 11, 1934, LB; Leesville, 
Aug. 24-26, 1934, LB), Oconee (Clemson, Aug. 13, 1926, WHC). 

256. Hetaerina titia (Drury). Greenville (Williamson 1932, 1934). 

264. Lestes vidua Hagen. Greenville (Saluda River, May 30, 1931, 
HKT; Plumley Mt., Apr. 1, 1933, HKT). 

265. Lestes forcipatus Rambur. Beaufort (Beaufort, Apr. 14, 1926, 
OLC), Hampton (Scotia, June 10, 1931, OLC), Oconee (Walhalla, 
Sept. 1, 1930, DD). The criterion usually used to separate the males 
of L. disjunctus and L. forcipatus (metaplural suture covered with a 
sooty black stripe, or not) is not entirely reliable and records for the 
two species are probably badly mixed. Although a study of the types 
will probably be necessary to establish the true synonymy of the two 
species, it appears likely that disjunctus is the more common and wide- 
spread and that forcipatus is rather restricted and local in occurrence. 
However, the distribution of the two species can be determined only 
by a critical study of specimens from all parts of their range. (I have 
not seen the specimens upon which these records are based.) 

267. Lestes rectangularis Say. Greenville (Greenville, June 18, 1933, 
HKT; Saluda River, May 17 and 22, 1932, June 28, 1933, Aug. 23, 
1931, HKT), Lee (Ashwood, May 4, 1928, OLC). 

270. Lestes vigilax Hagen. Lexington (Brodie Pond, Sept. 11, 1934, 
LB; Leesville, Aug. 24-26, 1934, LB), Oconee (Mountain Rest, July 20, 
1936, DD*, Aug. 20, 1939, MRM). 

277. Argia apicalis (Say). Greenville (Conestee, July 18, 1939, 
BEM; Lakeside, July 18, 1939, BEM, Aug. 22, 1939, MRM; Saluda 
River, July 29, 1933, Aug. 21, 1931, HKT; Venus, July 8, 1931, HKT), 
Greenwood (Byers 1931), Lexington (Leesville, Aug. 24-26, 1934, LB), 
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Newberry (Byers 1931), Oconee (Clemson, May 21, 1927, GEH, 
July 17, 1926, WHC, July 30, 1926, JAB; Oconee State Park, Aug. 20, 
1939, MRM). 

278. Argia bipunctulata (Hagen). Greenville (Greenville, June 8, 
1933, June 14, 1931, HKT; Saluda River, June 8, 1933, HKT; Table 
Rock, June 18, 1933, HKT), Greenwood (Byers 1931), Lee (Ashwood, 
May 9, 1928, OLC), Lexington (without locality and date, LB). 

280. Argia fumipennis (Burmeister). ‘“Ga., Ky., N. C., 8. C., and 
Fla.” (Muttkowski 1910), Aiken (Wagener, June 27-28, 1935, LB), 
Charleston (McClellanville, July 8, —, HKT), Greenville (near Cones- 
tee, July 18, 1939, BEM), Hampton (Lena, Aug. 14, 1930, JAB), Horry 
(Myrtle Beach, June 13 and 23, 1932, July 2, 1932, HKT), Lexington 
(Allen Pond, Aug. 27, 1934, LB; Leesville, Aug. 14, 1930, JAB, Aug. 24— 
26, 1934, LB; Brodie Pond, Sept. 11, 1934, LB; Pelion, Apr. 12, 1929, 
OLC), Oconee (Clemson, Aug. 5, —, JAB), Orangeburg (Santee Bridge, 
May 4, 1930, OLC). 

284. Argia moesta Hagen. Greenwood (Byers 1931), Lexington 
(Leesville, Aug. 24-26, 1934, LB), Oconee (Mountain Rest, July 23, 
1936, DD*). 

286. Argia sedula (Hagen). Greenville (Lakeside, Aug. 22, 1939, 
MRM; Saluda River, July 29, 1933, Aug. 21, 1931, HKT), Greenwood 
(Byers 1931), Oconee (Clemson, July 30, 1926, JAB). 

288. Argia tibialis (Rambur). Florence (Florence, June 4, 1929, 
OLC), Greenville (Callahan Mt., June 9, 1931, HKT; Greenville, 
May 27, 1930, HKT; North Saluda River, Aug. 22, 1939, MRM; 
Venus, July 2, 1933, HKT), Greenwood (Byers 1931), Horry (Myrtle 
Beach, June 11, 1932, HKT), Oconee (Clemson, May 25, 1927, WHC, 
July 15, 1926, WHC). 

291. Argia violacea (Hagen). Greenville (Callahan Mt., June 9, 
1931; Greenville, May 30, 1933, June 3, 1931, July 19, 1933, Aug. 18, 
1931, Sept. 6, 1930; Saluda River, June 11, 1933, July 29, 1933; Table 
Rock, June 26, 1933; Venus, July 4, 1933—all by HKT), Oconee 
(Clemson, July 15, 1926, WHC; Mountain Rest, July 23-24, 1936, 
DD*, Aug. 20, 1939, MRM). 

295. Amphiagrion saucium (Burmeister). ‘Aus Sud-Karolina, von 
Zimmerman” (Burmeister 1839), “South Carolina (Zimmerman)”’ 
(Hagen 1861), ‘““Wash. and Calif. to Mass., and S. C.” (Muttkowski 
1910), Greenville (Saluda River, May 10, 1931, HKT), Oconee (CC 
Camp F 2, May 17, 1936, DD*; Clemson, May 20-21, 1927, GEH). 
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300. Nehalennia irene Hagen. Greenville (Saluda River, June 6 
and 28, 1933, HKT; Table Rock, June 26, 1933, HKT). 

301. Chromagrion conditum (Hagen). Greenville (June 9, 1931, 
HKT), Oconee (Clemson, May 9, 1936, DD*). 

302. Teleallagma daeckii Calvert. Aiken (Wagener, June 27-28, 
1935, LB), Horry (Myrtle Beach, July 3, 1932, HKT). 

306. Enallagma divagans Selys. Aiken (Williamson 1922c), Green- 
ville (Greenville, May 30, 1933, June 16, 1931, HKT). 

314. Enallagma geminatum Kellicott. Aiken (Williamson 1922c), 
Lee (Ashwood, May 4, 1928, OLC). 

321. Enallagma signatum Hagen. Greenville (River Falls, July, 
1931, HKT), Oconee (Oconee State Park, Aug. 20, 1939, MRM). 

322. Enallagma vesperum Calvert. Aiken (Williamson 1922c), Lex- 
ington (Leesville, Aug. 26, 1934, LB). These specimens differ some- 
what in the shape of the superior appendages and the coloration of the 
posterior abdominal segments from specimens of vesperum from Indiana 
and Michigan and are apparently identical with the form from Florida 
identified as E. laurenti by Byers (1929 and 1930). As some of these 
specimens were determined by Doctor Calvert, and the form of the 
superior appendages and the extent of the confluence of the postocular 
spots with the pale area of the rear of the head differ from the figures 
of the type of laurenti (Calvert 1919), these records are retained under 
the name of vesperum. However, a careful study of these two species, 
if not of the entire truncatum-pollutum group, is very desirable. 

327. Enallagma exsulans (Hagen). Oconee (Mountain Rest, Aug. 
20, 1939, MRM). 

328. Enallagma weewa Byers. “S. C., Ga., and Fla.” (Needham 
and Heywood), Aiken (Williamson 1922c as E. exsulans; Byers 1927), 
Greenville (Venus, July 2, 1933, HKT; Williamson 1932, 1934), Horry 
(Myrtle Beach, 1932, HKT). 

332. Enallagma doubledayi (Selys). Aiken (Williamson 1922c), 
Greenville (Callahan Mt., June 9, 1931; Greenville, June 16, 1931; 
Plumley Mt., Apr. 1, 1933—all by HKT). 

333. Enallagma civile Hagen. Greenville (Callahan Mt., June 9, 
1931, HKT; Greenville, May 20, 1931, June 8, 1933, HKT), Lexington 
(Lake Murray, Aug. 14, 1930, JAB), Oconee (Clemson, June 24, 1931, 
JAB; Walhalla, June 2, 1931, JAB). 

338. Enallagma basidens Calvert. Greenville (Lakeside, Aug. 22, 
1939, MRM). 
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339. Enallagma aspersum Hagen. Greenville (River Falls, July 13, 
1931, HKT). 

347. Ischnura prognata Hagen. Aiken (Kathwood, May 5 and 9, 
1921, JHW), Greenville (Plumley Mt., Apr. 1, 1933, HKT). 

348. Ischnura ramburii Selys. The Insect Survey Records contain 
the following entry under this species ‘(Horry County, 1932, H. K. 
Townes, Jr.”’; no record of this species was contained in the final list 
furnished by Doctor Townes although the Needham and Heywood 
number for it was included in the preliminary check list of the species 
which he had collected in the state (supplied in his first letter to me). 
In reply to an inquiry concerning this and a similar record for J. verti- 
calis, Doctor Townes wrote that these were probably correct although 
he had no definite information concerning them in the notes available 
to him when he compiled the list for me. 

349. Ischnura posita (Hagen). Aiken (Kathwood, May 5 and 7, 
1921, JHW), Chester (Chester, Apr. 26, 1936, DD*), Greenville 
(Conestee, July 18, 1939, BEM; Greenville, Apr. 30, 1933, May 3, 
1931, May 30, 1933, HKT; Lakeside, Aug. 22, 1939, MRM; Saluda 
River, Apr. 7, 1933, HKT), Horry (Myrtle Beach, June 10, 1932, 
HKT), Lee (Ashwood, May 4 and 9, 1928, OLC), Lexington (Allen 
Pond, Aug. 27, 1934, LB; Shealy Pond, Aug. 29, 1934, LB), Oconee 
(Clemson, May 9, 1936, DD*, May 2, 1929, AWC, June 24, 1931, 
JAB; Mountain Rest, Aug. 20, 1939, MRM; Oconee State Park, 
Aug. 20, 1939, MRM; Walhalla, June 2, 1931, JAB). 

350. Ischnura kellicotti Williamson. Aiken (Williamson 1934). 

357. Ischnura verticalis (Say). ‘Aus Sud-Karolina; 2 Exemplare in 
der Hollenser Sammlung, von Zimmerman gesendet” (Burmeister, 
1839, as Agrion discolor but Calvert, 1898, has shown that one of the 
specimens was a ‘black’ female of this species, the other a female of 
A. saucium.), Greenville (near Conestee, July 18, 1939, BEM), Horry 
(see note under J. ramburit). 

360. Anomalagrion hastatum (Say). Chester (Chester, Apr. 26, 
1936, DD*), Charleston (McClellanville, July 10, 1930, HKT), Green- 
ville (Greenville, July 19, 1938, HKT), Lee (Ashwood, May 9, 1928, 
Sept. 6, 1926, OLC), Lexington (Shealy Pond, Aug. 29, 1934, LB), 
Oconee (Mountain Rest, July 24, 1936, DD*). “An abundant and 
widespread species in 8. C.”—notes from Townes. 


PuRDUE UNIVERSITY, 
LAFAYETTE, IND. 
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NEW AND UNUSUAL AGARICS FROM THE GREAT SMOKY 
MOUNTAINS NATIONAL PARK! 


By ALEXANDER H. Smirx anp L. R. HEsLER 


Puiates 7-12 anp 2 Text Figures 


In this account seven new species distributed in Claudopus, Collybia, 
Hygrophorus, Leptonia, and Mycena are described. Ten additional 
species in Collybia, Crepidotus, Hygrophorus, Hypholoma, Marasmius, 
Omphalia, and Stropharia have been critically studied and redescribed. 
Interesting reports of one Lepiota and one Lactarius are also included. 
This material has been selected from collections made over a period of 
years. In a previous paper (15) we discussed certain of our collections 
made during 1937. During the season of 1938 we collected extensively 
in the Park, and in 1939 at the time the foray of the Mycological So- 
ciety of America was held at Gatlinburg, Tenn., we again collected in 
the area for a few days. Certain collections made before 1937 are 
included as well as a few not made within the actual boundaries of the 
Park but representing species which very likely occur there. 

Previously (15) we noted the occurrence of certain unusual species 
both in this region and along the Pacific Coast. Two more similar 
examples are reported here. Hygrophorus calyptraeformis and Om- 
phalia picta have been collected in both areas. Because of our indi- 
vidual interests we have devoted most of our attention to certain genera 
with the result that the number of species discussed in any genus is no 
indication of their relative abundance in the flora. In Marasmius, for 
instance, only one species is discussed although the genus is one of the 
most frequently encountered groups of agarics in the region. 

Unless otherwise stated, specimens have been deposited both in the 
Herbarium of the University of Michigan and the Herbarium of the 
University of Tennessee. Wherever iodine reactions are given for spore 
or tramal characters, the solution used has been made of five parts 
chloral hydrate, two parts water and an excess of iodine. The color 
names within quotation marks are taken from R. Ridgway, Color 
Standards and Color Nomenclature, Washington, D. C., 1912. In the 


1 Papers from the Herbarium of the University of Michigan and Contributions 
from the Botanical Laboratory, The University of Tennessee, N. Ser. 41. 
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collection numbers and following the photographs, ‘“‘S” stands for 
Smith and “H” for Hesler. 

For unusual courtesies, the writers are indebted generally to the 
officials of the Great Smoky Mountains National Park, and particularly 
to Mr. Arthur Stupka, Park Naturalist, Gatlinburg, Tennessee. 


Claudopus stipitatus sp. nov. Text fig. I, 1 & 2. 


Pileus 1-2 cm. latus, convexus demum planus vel depressus, siccus, 
canus, demum glaber, fuscus demum sordide brunneofuligineus, caro 
subuda; lamellae adnatae vel subdecurrentes, confertae, angustae, 
fuscae, demum carneofuliginea; stipes 1-2.5 cm. longus, 2-2.5 mm. 
crassus, eccentricus, solidus, pileo concolor, canus; sporae 6-7 x 4-4.5 y; 
cheilocystidia et pleurocystidia similis, 40-60 x 7-10 u, fusoide ventri- 
cosa. Specimen typicum legit prope Indian Creek, N. C., Great Smoky 
Mts. National Park, Aug. 14, 1938, A. H. Smith n. 10217, in Herb. 
Univ. of Mich. conservatum. 


Pileus 1-2 em. broad, convex with an inrolled margin, becoming 
plane or with the disc slightly depressed, surface dry and covered by a 
thin coating of canescent fibrils, “fuscous’” when young (beneath the 
canescent layer), fading slowly to “cinnamon drab” and the margin 
opaque, regular in outline at first but becoming variously lobed; flesh 
moist and subhygrophanous, fading with the surface, thin, moderately 
cartilaginous, odor and taste none; lamellae bluntly adnate, becoming 
short-decurrent, narrow and crowded, “fuscous’”’ when young but with 
slightly paler edges, becoming “cinnamon drab’”’ at maturity; stipe 1- 
2.5 em. long, 2-2.5 mm. thick, eccentric, solid, concolorous with the 
pileus and covered by a thin layer of whitish fibrils when fresh, white- 
pubescent toward the base which is furnished with numerous white 
rhizomorphs; spores 6-7 x 4.5 yu, ellipsoid in outline, dull flesh color, 
very obscurely angled; basidia four-spored; cheilocystidia and pleuro- 
cystidia scattered, narrowly fusoid, 40-60 x 7-10 yu, contents highly 
refractive in water mounts—appearing as oil-like droplets, granular and 
rusty brown in KOH; gill-trama compact, homogeneous; pileus-trama 
homogeneous. 

Scattered on a very decayed log, Indian Creek, N. C., Aug. 14, 1938 
(10217—S). The obscurely angled rather small spores, cystidia, and 
dark colors of the young fruiting bodies make this a very distinct species. 
The canescent coating of fibrils is very thin and may be lacking at 
times or be quickly worn away. As a result, of course, the silvery sheen 
would not be present. C. stipitatus appears to be related to C. avel- 
laneus and C. byssisedus but differs from both by its smaller spores. 
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Claudopus stipitatus, Fig. I, 1, pleurocystidia X 750; 2, spores X 1500. Collybia 
cystidiosa Fig. I, 3, pleurocystidia and cheilocystidia X 750; 4, clavate cells from 
surface of pileus X 750; 6, spores X 1500. Hypholoma delineatum Fig. I, 5, spores 
x 1500; 7, pleurocystidia and cheilocystidia X 750. Mycena carolinensis Fig. 
1, 8, cheilocystidia X 750; 9, pleurocystidia X 750; 10, spores X 1500. 
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Collybia alba Peck 


Pileus 1-2.5 em. broad, nearly plane or with a low abrupt obtuse 
umbo at first, the margin strongly incurved, becoming plane in age or 
a slight umbo remaining, the margin sometimes becoming plicate or 
crenate, surface glabrous but canescent, shining or dull white, appearing 
as if covered by minute fibrils, opaque, not hygrophanous, in age or 
when drying changing from creamy white to near “cinnamon buff” or 
dull brownish (very old water-soaked specimens may appear subhygroph- 
anous); flesh thin, white to pallid, odor and taste not distinctive; 
lamellae sinuate-adnate or nearly free, close to subdistant (16-23 reach 
the stipe), 3-4 tiers of short individuals, narrow, becoming ventricose 
and broad, “ivory yellow” or whitish, in age sordid pale cinnamon 
brownish, intervenose, edges slightly eroded; stipe 2-4 cm. long, 1-2 mm. 
thick, equal or enlarged above, tubular, brittle, base with white rhizo- 
morphs, white and canescent like the pileus at first, sordid pale cinnamon 
in age; spores 5.5-7 x 3-4.5 uy, ellipsoid, smooth, hyaline, not amyloid; 
basidia four-spored, 24-26 x 7-8 yu; pleurocystidia and cheilocystidia not 
differentiated; gill-trama homogeneous, yellowish in iodine; pileus- 
trama without a differentiated surface layer, floccose and homogeneous 
throughout, yellowish in iodine; stipe tissue yellowish in iodine. 

Scattered to gregarious on decaying oak logs, Kent Lake, Oakland 
county, Mich., July 22, 1937 (6614), and Aug. 8 (6861). In Tennessee 
it has been found in the Park at Grassy Patch, Aug. 6, 1938 (9841—S) 
and on Aug. 7 (9873—S) in Coon’s Hollow. 

The collections cited above have been compared with the type, and 
sections of the latter were made for microscopic examination. Because 
the microscopic characters of the type are exactly as given above for 
the collections cited, they are not repeated here. Coker and Beardslee 
(4) report C. alba and briefly characterize it. We have taken the 
liberty to redescribe it here because previous studies have not corre- 
lated the macroscopic characters of the fungus in hand with the micro- 
scopic characters of the type. C. alba is quite distinct from the confus- 
ing group of white species which intergrade with the white Mycenas. 


Collybia cystidiosa sp. nov. Plate 8 and text fig. I, 3,4 & 6. 


Pileus 2-5 cm. latus, convexus vel obtuse umbonatus, glaber, sub- 
hygrophanus, subavellaneus demum sordide fulvus, levis vel rugulosus; 
lamellae subliberae, angustae, confertae, demum sordide rufomaculatae; 
stipes 3-8 cm. longus, 3-6 mm. crassus, strictus, fragilis, politus, sursum 
pallidus, deorsum sordide brunneus; sporae subcylindricae, 7-10 x 3-4 uy; 
pleurocystidia 32-80 x 8-12 y, levis, fusoide ventricosa demum lance- 
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olata; cheilocystidia 28-35 x 7-9 yu, subcylindrica. Specimen typicum 
legit prope Indian Creek, N. C., Great Smoky Mts. National Park, 
July 30, 1939, L. R. Hesler n. 12195, in Herb. Univ. of Mich. et Herb. 
Univ. of Tenn. conservatum. 


Pileus 2-5 em. broad, convex or with an obtuse umbo, margin in- 
curved at first, spreading in age, slightly hygrophanous, when fresh 
watery avellaneous to near “pinkish buff” (but grayer), generally with 
a faintly striatulate margin, becoming opaque in age, “sayal brown” 
to “ochraceous tawny” on the disc, the margin remaining “pinkish 
buff,”’ upon losing moisture the surface appearing rugulose, in old caps 
it may become distinctly rugose, pitted or almost reticulate at times; 
flesh thin, white, cartilaginous, odor pungent (sometimes faint), taste 
bitter; lamellae rounded and attached by a basal tooth or appearing 
free, sometimes deeply and narrowly adnexed, moderately close to 
subdistant, narrow, 2.5 mm. broad, whitish, edges pruinose from 
cystidia (under a lens), sometimes staining reddish brown in age; 
stipe 3-8 cm. long, 3-6 mm. thick, equal, strict, tubular, fragile, polished 
and translucent, not striate, whitish above, tinged brownish at the base, 
base sometimes slightly enlarged and white mycelioid; spores white in 
mass, narrowly ellipsoid to subcylindric, 7-10 x 3-4 yw, not amyloid; 
basidia four-spored, 20-22 x 5-6 uw; pleurocystidia very abundant, 32- 
80 x 8-12 u, smooth, hyaline, the walls usually thickened, fusoid ventri- 
cose when young, lanceolate in age, bases usually curved, originating 
in the subhymenium; cheilocystidia scattered, 28-35 x 7-9 wu, walls 
thickened somewhat, smooth, clavate to subcylindric or tapered at the 
apex; gill-trama homogeneous, reddish brown in iodine; pileus-trama 
homogeneous beneath a palisade layer of inflated cells 10-25 x 8-15 uy, 
reddish brown in iodine. 

Scattered on humus in a mixed forest, Indian Creek, N. C., Great 
Smoky Mts. National Park, Sept. 6, 1937 (7416 and 7437 S. & H); 
Aug. 14, 1938 (10167—S); July 30, 1939 (12195—type, H). 

This is a very distinctive species with much the same stature as 
Collybia umbonata Pk. By virtue of the cystidia, nonamyloid spores 
and hymeniform palisade of cells over the pileus it most closely re- 
sembles Collybia Glatfeltert Murr. The latter differs in its small spores 
and more unpolished appearance. 


Collybia flaccida sp. nov. 


Pileus 10-15 mm. latus, convexus demum planus, siccus, fibrillosus, 
nitens, cinereus; caro membranacea, flaccida; lamellae adnatae, sub~ 
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distantes, angustae, cinereae; stipes 2-3 cm. longus, 1 mm. crassus, 
solidus, flaccidus, pallidus, pubescens; sporae 12-16 x 3.5-4 u; cheilo- 
cystidia 50-60 x 10-15 yu, subventricosa, levis. Specimen typicum legit 
prope Cades Cove, Tenn., Aug. 17, 1939, A. H. Smith n. 14873, in Herb. 
Univ. of Mich. et Herb. Univ. of Tenn. conservatum. 


Pileus 10-15 mm. broad, broadly convex to nearly plane, with an 
incurved margin at first, surface dry, uneven, glistening, distinctly 
appressed grayish fibrillose under a lens, margin becoming sulcate, 
color dark ashy gray when moist, fading to very pale ashy gray; flesh 
membranous and soft, causing the pileus to be very flabby, pallid, odor 
and taste mild; lamellae adnate, horizontal, subdistant (18-22 reach 
the stipe), one tier of short individuals, very narrow, pale ashy gray, 
edges pruinose under a lens; stipe 2-3 cm. long, 1 mm. or less thick, 
equal, lax, solid, pliant, whitish, sparsely pubescent under a lens, 
inserted on fallen or dead twigs by a naked distinctly narrowed base; 
spores 12-16 x 3.5-4 uw, not amyloid; basidia four-spored, 28-30 x 6-7 y; 
cheilocystidia numerous, also present as pleurocystidia near the gill 
edge, 50-60 x 10-15 yu, subcylindric to slightly ventricose, the apices 
tapered or slightly rounded, smooth or an occasional one- branched, 
hyaline; pileus-trama and gill-trama homogeneous, very soft and pliant, 
not amyloid; caulocystidia similar to cheilocystidia but up to 130 u 
long, frequently forked or with 3-4 branches; stipe-tissue not amyloid. 

Scattered on dead twigs, Cades Cove, Tenn., Aug. 10, 1938 (9964—S) 
and Aug. 17, 1939, by L. O. Overholts and A. H. Smith (14873—-S). 

The dark to pale ash-gray color, faintly fibrillose, pliant, opaque 
pileus, very narrow gills and pale pubescent stipe distinguish the species 
macroscopically. Microscopically the long narrow spores and promi- 
nent cystidia are the most outstanding characters. Marasmius cyatheae 
Singer differs in its spores and very likely in consistency. In many 
respects C. flaccida is intermediate between Marasmius, Collybia, and 
Delicatulla. Long narrow spores are quite characteristic of some species 
of Marasmius, and the stature of C. flaccida also reminds one of species 
in that genus. However, the fruiting bodies fail to revive when 
moistened. When remoistened, the specimens become soft and flabby 
like a fragile gray Mycena. 


Collybia lacerata (Lasch) Berkeley. Plate 7. 


Pileus 4-6 cm. broad, convex with an inrolled margin, soon broadly 
convex and the disc becoming depressed, glabrous (or minutely ap- 
pressed fibrillose under a lens), dull watery gray (closest to ‘drab’’) 
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when moist, translucent-striate or streaked with fuscous lines, hy- 
grophanous, pallid ashy gray and opaque when faded, margin very thin 
and soon lacerated or lobed and quite irregular; flesh very thin and 
fragile, pallid when faded, odor and taste mild; lamellae broadly adnate 
to subdecurrent from a tooth, distant to subdistant, broad, veined at 
the base, dull gray, very thin and easily broken; stipe 3-5 cm. long, 
2-4 mm. thick, equal, tubular, cartilaginous, with a white cottony 
mycelioid base, the remainder faintly pruinose at first but soon naked 
and polished, concolorous with the pileus or paler; pileus-trama homo- 
geneous, of rather broad hyphae, pellicle not distinct; cystidia not 
differentiated on either the sides or edges of the gills; basidia four- 
spored; spores 5-7 x 5.5 yw, subglobose to broadly ellipsoid, hyaline, 
smooth, amyloid; pileus- and gill-trama yellowish brown in iodine 
(not amyloid). 

On decayed logs and wood of conifer trees, Lake Timagami, Ont., 
Aug. 25, 1936 (4161—S); Mt. LeConte, Tenn., in the Park, Aug. 12, 
1938 (10099—S); Indian Creek, N. C., in the Park, Aug. 14, 1938 
(10152—S) ; Indian Camp Creek, Aug. 30, (10690—S) and Husky Gap 
Trail, Sept. 4, 1938 (10901—S). The last two numbers were from the 
Tennessee side of the Park. 

Very frequently the gills of this species are infected with a parasite, 
the sporophores of which, when immature, simulate long narrow cystidia 
60-80 x 8-10 u. Their true nature can usually be determined, however, 
because their apices become differentiated into sporangia. Certain 
cystidia-like cells were also found scattered over the pileus. Some of 
these appeared to have aborted sporangia at their apices. Apparently 
this parasite attacks the fruiting bodies when the latter are young and 
fresh, and seemingly does not cause them to become deformed or to 
decay any more readily than noninfected individuals. 

Collybia lacerata is a very distinct species and well described in the 
standard European works on agarics. The fragile lacerated margin of 
the pileus is very distinctive. Collybia familia Pk. becomes torn in 
much the same manner. Imai (6) has suggested that Collybia abundans 
and Collybia familia are synonymous with C. lacerata. We have 
studied all three in the fresh condition and find them quite distinct. 
C. abundans has crowded, white (not grayish) gills. Its pilei are 
smaller and the habit is densely cespitose. When compared under the 
microscope the spores of both of Peck’s species are smaller than in 
C. lacerata although the difference, when measurements are recorded, 
is slight, and in published accounts one might be tempted to regard 
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it as simple variation. The three do form a very distinct natural 
group, however. The spores of all three are amyloid, the habitat is 
lignicolous and the color and consistency of the fruiting bodies are 
essentially the same. Singer (14) has proposed the genus Baespora 
for this group of species. 


Collybia olivaceobrunnea sp. nov. 


Pileus 2-4 em. latus, convexus demum planus vel depressus, glaber, 
olivaceobrunneus, hygrophanus, demum olivaceocinereus; lamellae 
adnatae, subdistantes, latae, olivaceobrunneae; stipes 4-5 cm. longus, 
3-6 mm. crassus, olivaceobrunneus, sursum pallidus; sporae 6.5-8 x 
4-5 u, ellipsoideae. Specimen typicum legit prope Chelsea, Mich., 
July 19, 1937, A. H. Smith n. 6588, in Herb. Univ. of Mich. conservatum. 


Pileus 2-4 cm. broad, convex with an inrolled margin when young, 
broadly convex to plane at maturity, the margin often elevated in age 
and becoming sulcate or crenate, occasionally the disc sharply depressed, 
surface moist and glabrous, appearing minutely fibrillose-canescent 
when faded but no fibrils visible under a lens except in old specimens, 
hygrophanous, “olive brown” or darker and more grayish when fresh, 
becoming “buffy brown” before fading, ash-color with an olivaceous 
gray cast when faded; flesh fragile, fuligineous becoming whitish, thin, 
odor and taste mild; lamellae depressed adnate, subdistant (16-20 reach 
the stipe), 1 tier of short individuals and 1 tier of rudiments, broad, 
“olive buff” at first, nearly concolorous with the pileus in age, thickish, 
veined, edges even; stipe 4-5 cm. long, 3-6 cm. thick, equal, stuffed, 
cartilaginous, concolorous with the pileus or pallid near the apex, 
longitudinally appressed fibrillose, glabrescent, base white mycelioid 
and with numerous white rhizomorphs; spores ellipsoid, 6.5-8 x 4-5 y, 
not amyloid; basidia four-spored; cystidia, none differentiated on sides 
or edges of the gills; gill-trama homogeneous, not amyloid; pileus- 
trama not amyloid, pellicle poorly formed or absent. 

Scattered on old oak stumps, near Chelsea, Mich., July 19, 1937 
(6588—type); Kent Lake, Oakland Co., Mich., July 22, 1937 (6618); 
Aug. 3, (6772); Aug. 8, (6807); Grassy Patch, Great Smoky Mts. 
National Park, Tenn., Sept. 3, 1937 (7341—S); Bass Lake, Oak. Co., 
Mich., Sept. 21, 1937 (7678); Kent Lake, Oak. Co., Mich., July 28, 
1938 (9642) ; Grassy Patch (in the Park), Tenn., Sept. 1, 1938 (10798—S). 

Collybia atratoides Pk. is apparently very closely related to C. olivaceo- 
brunnea. The specimens of the type of C. atratoides which were ex- 
amined in this study had close gills and spores 4-5 x 2.5 4. This spore 
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size does not agree either with the description of Peck’s fungus or with 
our species. In addition Peck gave no indication of the olive color 
present in all parts of the fruiting body, in fact he described the gills of 
C. atratoides as grayish white. Because of these discrepancies we do 
not feel justified in referring our material to Peck’s species. In addition 
to the color, spores and lignicolous habitat, C. olivaceobrunnea is dis- 
tinguished by the presence of numerous white rhizomorphs. 


Crepidotus mollis Fr. 


Pileus 4-13 cm. broad, somewhat imbricate, dimidiate, cuneate or 
broadly fan-shaped, flattened, convex or the margin wavy and the mid- 
portion somewhat depressed, imbricate and sessile, white or whitish, 
becoming tinted “light ochraceous-buff,” coarsely rivulose-reticulated, 
innately fibrillose, distinctly viscid or almost glutinous when wet, soon 
dry, not hygrophanous, margin incurved and even; flesh thick, tough, 
rather turgid, of two distinct layers, the upper about 1 mm. thick and 
made up of white loose narrow hyphae 3.5-6.5 uw thick, these becoming 
appressed on the surface, the second layer 4-6 mm. thick, grayish, 
water-soaked, of interwoven hyphae 9-14 yw thick, the upper layer 
subgelatinous in KOH; lamellae white at first, becoming brown, “snuff- 
brown,” ‘“argus brown” or “Brussel’s brown,” with a purple-brown 
tint where bruised, radiating, close, linear, narrowed at the ends, up 
to 5 mm. broad, edges white-fimbriate, often purplish-black spotted; 
stipe none, pileus tapering into a stipe-like base; spores 6-8 (9) x 4-5 
(5.5) uw, ellipsoid, smooth, near “ochraceous tawny” under the micro- 
scope, “bister” to “Prout’s brown” in mass; basidia four-spored; 
cheilocystidia and pleurocystidia not differentiated; gill-trama consisting 
of a central strand of floccose tissue made up of closely septated hyphae 
12-18 yu thick, interwoven, subhymenium of long narrow hyphae 2-4 u 
thick which appear somewhat gelatinous in KOH. 

Found on a hickory snag, Ball Camp Pike near Knoxville, Tenn., 
Nov. 7, 1936 (9718—H). This collection has been compared with 
excellent specimens from France communicated by M. Marcel Jos- 
serand. The pilei in collection 9718 are much larger than in the material 
from Franée, but are similar in all other respects. We have taken the 
liberty of giving a complete description because of the lack of sufficient 
data pertaining to this species in the American literature. The gelati- 
nous pellicle in C. mollis is quite different from that of Crepidotus 
haerans Pk. C. mollis is widely reported throughout the United States 
by Murrill (12). It is quite probable that water-soaked specimens of 














1940} New AND UNusuAL AGARICS 311 


other species have been frequently referred here. According to our 
experience the species is rare, but we have examined specimens from 
Michigan, Tennessee, Washington, and Oregon. 


Hygrophorus calyptraeformis Berk. Text fig. II, 1 & 2. 


We collected this beautiful species at Indian Creek, N. C., during 
the seasons of 1937 and 1938. A striking microscopic character of our 
collections was the presence on the sides and edges of the gills of volumi- 
nous thin-walled hyaline cystidia. They measure 50-80 (100) x 10-25 yu. 
Their shape is variable, but is usually some variation of the fusoid 
ventricose type. Some are merely clavate and some have the apex 
branched. Coker (3) does not mention these organs in his account of 
the species. 

The stipes of our North Carolina specimens measure 6-16 cm. long 
and 5-8 mm. thick. In the redwood forests around Orick, Calif., Smith 
has collected a fungus which has the cuspidate cap, colors and fragile 
consistency of H. calyptraeformis, but has a stipe only 2-4 cm. long 
and 6-10 mm. thick. Its spores measure 7-9 x 5-6 yu, the same as in 
the North Carolina specimens, and the characteristic cystidia were 
present, though rare. No blackening is evident on specimens from 
either place, and the basidia are all four-spored. It is possible that the 
presence of cystidia wili serve to aid in distinguishing Hygrophorus 
calyptraeformis from other closely related species such as Hygrophorus 
cuspidatus Pk. and Hygrophorus Langei Kuhner. We believe that the 
short-stiped material from California is merely a growth form of H. 
calyptraeformis and not otherwise distinctive. It is very interesting, 
in view of the rareness of the species in North America, to have a record 
of its occurrence in California and North Carolina during the same 
season, that of 1937. 


Hygrophorus hymenocephalus sp. nov. Plate 9, above. 


Pileus 5-20 mm. latus, convexus demum subplanus, saepe lobatus, 
glaber, pallide brunneus demum atrobrunneus; lamellae distantes, 
decurrentes, latae, pallide brunneae demum sordide cinereae; stipes 
3-4 cm. longus, 2-3 (4) m. crassus, pallide brunneus demum sordide 
cinereus vel atrobrunneus; sporae 4-5 u, globosae. Specimen typicum 
legit prope Highlands, N. C. , Aug. 14, 1938, n. 10383 Hesler et Smith, 
in Herbarium University of Michigan et Herbarium University of 
Tennessee conservatum. 


Pileus 5-20 mm. broad, convex with an incurved and beautifully 
crenate margin at first, nearly plane in age or remaining broadly convex, 
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the margin often becoming lobed, surface glabrous and moist when 
fresh, in age sulcate toward the margin in some, at times rugulose around 
the disc, atomate at maturity, color “light pinkish cinnamon”’ to “sayal 


CAUO ; 
Hygrophorus calyptraeformis Fig. II, 1, pleurocystidia and chvilocystidia X 
750; 2, spores X 1500. Stropharia Hardii, Fig. II, 3, pleurocystidia x 750; 6, 


spores X 1500. Stropharia caesiispora Fig. II, 4 & 8, pleurocystidia X 750; 5, 
cheilocystidia X 750; 7, spores X 1500. 
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brown” on the disc, becoming darker and sordid “‘olive brown” in age 
or where injured, finally “mummy brown’’; flesh soft, moderately thick, 
concolorous with the surface, odor and taste perfectly mild; lamellae 
distant (15-17 reach the stipe), deeply decurrent, broad, concolorous 
with the pileus when young, nearly so in age or “hair brown,’ edges 
pallid and even; stipe 3-4 cm. long, 2-3 (4) mm. thick, equal or slightly 
enlarged above, solid, flesh concolorous with the surface, color “light 
pinkish cinnamon” at first, darkening like the pileus—and finally 
“mummy brown’’ in age; spores globose 4-5 u, smooth, hyaline; basidia 
four-spored ; cystidia not differentiated ; gill trama of interwoven hyphae 
5-7 uw thick, the hymenium appearing as a blackish line in sections of 
old material; pileus corticated by an irregular palisade layer of inflated 
cells 30-70 x 10-30 yu, floccose and filamentose below. 

Scattered under rhododendron and pine, Mt. LeConte, Aug. 12, 
1938 (10090—S); Indian Creek, N. C., Aug. 14, 1938 (10146—H & 8); 
Highlands, N. C., Aug. 21 (10383—type, H & 8). 

This species is apparently closely related to Hygrophorus micaceus 
B. & Br. The size and color changes are very suggestive, but a close 
study of Rea’s (13) description reveals certain differences which seem 
significant to us. H. micaceus is described as having granules on both 
cap and stipe. H. hymenocephalus is glabrous. The English species 
is described as having a yellow pileus and cinereous gills. H. hymeno- 
cephalus is pale buff, not yellow, and, as far as we have observed, the 
gills change color slowly with the result that the pileus may be sordid 
olive brown and the gills still pale buff. Rea does not give any informa- 
tion on the structure of the pileus of H. micaceus, but even if a palisade 
of clavate cells was found to be present, the above mentioned differences 
would still be too great to be disregarded. Camarophyllus atropunctus 
(Bres.) Lange is also known to have such a layer of cells forming the 
surface of the pileus. H. hymenocephalus belongs in the subgenus 
Camarophyllus. Judging by the position Rea gave to H. micaceus in 
his classification, the latter must be more closely related to the highly 
colored forms. 

Hygrophorus Peckianus Howe is closely related to H. hymenocephalus. 
Previously (15) we reported one collection from Indian Creek under this 
name but noted that the specimens lacked a distinctive odor. At that 
time our attention was occupied with checking the spore characters of 
Howe’s species, and we failed to note the clavate cells on the surface 
of the pileus in our collection. With additional collections at hand 
showing the complete development, it becomes quite clear that our 
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% 7397 does not belong in H. Peckianus but instead to the new species 
described here. Our comments on the spores of H. Peckianus still 
apply, however, insofar as the Massachusetts specimens are concerned. 
In our own collections we now have records of three species of this 
general type, two have very strong odors, and homogeneous pilei. 
All have smooth spores. 

Collection #14987—S from near New Hudson, Mich., Oct. 1939, 
appears to be typical of H. Peckianus, but since we have not been able 
to locate the type of Howe’s species, this determination remains tenta- 
tive. The following are the notes from the above collection: Pileus 
1-3 cm. broad, convex, fleshy, surface smooth (minutely fibrillose under 
a lens), margin even or wavy, color evenly mouse gray (collected during 
dry weather); flesh whitish, fragile, odor very strong and offensive, 
taste slight; lamellae pallid to white at first, soon pale gray, subdistant, 
broad, adnate to arcuate decurrent, thick; stipe 1-3 cm. long, 2-5 mm. 
thick, enlarged above and white pruinose, mouse color below, hollow, 
glabrous; spores 4 ut, globose, smooth; basidia four-spored; gill-trama 
interwoven, pileus-trama homogeneous, the hyphae with free ends 
appressed against the surface. Scattered under aspen and bracken fern. 

The whitish gills which become gray furnish a good character to 
separate this species from H. hymenocephalus. An interesting feature 
of the Michigan collection is the manner in which the ends of the 
hyphae forming the surface of the pileus are frequently differentiated. 
The end cell is somewhat oval to club-shaped, and slightly thicker than 
the main filament. All that is necessary here for the production of a 
hymeniform surface layer is for all of these hyphae to produce the same 
type of end cell, for these cells to become oriented perpendicularly to 
the surface, and enlarge somewhat. With the continued emphasis 
being given to anatomical characters in agarics by many workers in 
trying to build a more natural classification than that of Fries, any 
information explaining the origin of such characters or showing inter- 
mediate stages is of great value. It must always be remembered that 
such a character as this could have originated several times within a 
single group, and that as a result, species possessing it may be more 
closely related to some not possessing it than to each other. 


Hygrophorus purus Pk. Plate 9, below. 


Pileus (2.5) 4-7.5 em. broad, convex, with a prominent conic umbo, 
broadly conic or the margin recurved in age, white, tinged pinkish red 
where wounded, glabrous, viscid, finely rivulose under a lens, margin 
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pellucid-striate; flesh thin, white, very waxy, odor none, taste mild; 
lamellae uncinate, subdistant, rather broad, ventricose, snow white, 
edges even; stipe 4-8 cm. long, 3-8 mm. thick, with a large hollow, equal 
or tapered slightly either way, often flexuous or at least curved at the 
base, glabrous, white and shining, glutinous, base tinged pinkish red 
where wounded; spores ellipsoid, 7-9 x 4.5-5.5 wu, white in mass; basidia 
four-spored, 40-58 x 6-7 (8) yu; gill-trama of interwoven hyphae. 

On humus under mixed hardwood and hemlock, Highlands, N. C., 
Aug. 28, 1939 (12290—H). The species has much the stature of H. 
calyptraeformis Berk., but the glutinous stipe at once distinguishes it. 
In cross section, the stipe is seen to possess a thick outer coating of 
slender gelatinous hyphae similar to that found in H. psitticinus. 
Similar hyphae project from the surface of the pileus and become matted 
together forming the viscid pellicle. Ordinarily both surfaces appear 
glabrous. Although the gill-trama is made up of interwoven hyphae, 
the cells are large and not as tangled as in species of the subgenus 
Camarophyllus. The relationships of H. purus are very distinctly with 
the viscid-stiped species of the subgenus Hygrocybe. 


Hypholoma delineatum Pk. Text fig. I, 5 & 7. 


The following are our notes from a collection made in the Park near 
Elkmont, Tenn., Aug. 17, 1938 (9858—S & H): Pileus 5-10 cm. broad, 
obtuse, becoming plane or slightly umbonate, at first covered by a 
thin superficial coating of white silky fibrils—especially toward the 
margin which is distinctly zoned and appendiculate from veil remnants— 
glabrescent, color ‘“Mars brown” to “Vandyke brown” when moist, 
watery but fading very slowly to tawny or sordid tan, conspicuously 
radially rugulose when faded; flesh fragile but thick and watery brown, 
odor and taste mild; lamellae close, moderately broad, bluntly adnate, 
concolorous with the pileus, very thin and fragile; stipe 6-8 cm. long, 
1-1.5 em. thick, equal, hollow, whitish, white-fibrillose over the lower 
portion, apex silky pruinose; spores 6.5-8 x 4.5-5 yw, broadly ellipsoid, 
dark fuscous under the microscope; with an apical hyaline germ pore; 
basidia four-spored; cheilocystidia and pleurocystidia numerous, ven- 
tricose, with a narrow neck, 40-60 x 10-16 yu; pileus-trama with a thick 
surface layer of vesiculose cells from which occasional cystidia project, 
tramal body homogeneous. 

The type of Hypholoma delineatum has been examined and the fol- 
lowing data obtained: The pileus-trama is characterized by a surface 
layer of vesiculose cells several cells deep. The basidia are four-spored, 
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and the spores measure 6.5-8 x 4.5-5.5 wu. They are dark fuscous brown 
under the microscope in KOH, and possess a hyaline apical germ pore. 
The cheilocystidia and pleurocystidia are numerous and quite charac- 
teristic. They measure 45-67 x 10-16 uw. The basal portion is ven- 
tricose, but the apex is usually narrowed to a straight or wavy finger-like 
prolongation. 

In our estimation H. delineatum is a large fleshy species of the Hy- 
pholoma hydrophilum group. It is not at all similar to H. lachryma- 
bundum. The fibrils covering the surface are superficial and soon 
disappear. Peck had good reason for placing this species after H. 
rugocephalum in his treatment of the New York species. Without 
examining the spores and cystidia it is doubtful if the two could be 
distinguished. The photograph by Beardslee published by Harper (5) 
represents an extremely rugose form of Peck’s fungus. It should also 
be noted that the spore measurements given by Beardslee agree with 
our measurements from the type and from our own material. These 
measurements are smaller than Peck’s. 


Lactarius Curtisii Coker. Plates 10 & 11. 


This very distinctive species was found by Hesler in a pine plantation 
at the edge of Gatlinburg, Tenn. Several collections were made 
between August 7 and 10, 1938. The fruiting bodies grew scattered to 
gregarious or subcespitose on the ground under pine. The largest pilei 
measured 5-9 cm. broad, and the spores were “cartridge buff” in a 
heavy deposit. L. Curtisii has not been previously reported from 
Tennessee. 


Lepiota lutea (Bolton) Quél. 


This agaric is not infrequently found growing in greenhouses in many 
sections of the country, but is rarely found in nature. On August 17, 
1939, it was found scattered in groups of several individuals over a 
wide area in an open oak-pine woods at Cades Cove, Tenn., in the 
Park. The collection was made by members of the Mycological Society 
of America during the summer foray. 


Leptonia pungens sp. nov. 


Pileus 2-5 cm. latus, convexus demum explanato-depressus, saepe 
sinuatus, siccus, fibrillosus, cinereus demum pallidus; odor valde pun- 
gens; sapor distinctissimus; lamellae confertae vel subdistantes, adnatae 
demum subdecurrentes, angustae, pallide cinereae demum incarnatae; 
stipes 2-5 cm. longus, 2-3 (5) mm. crassus, pallide cinereus demum 
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pallidus, fibrillosus; sporae 9-11 x 7-8y. Specimen typicum legit 
prope Cades Cove, Tenn., August 10, 1938, A. H. Smith et L. R. Hesler 
n 10003, in Herb. Univ. of Mich. et Herb. Univ. of Tenn. conservatum. 


Pileus 2-5 cm. broad, broadly convex with a depressed disc, margin 
at first incurved, plane in age or the margin arched or wavy and often 
with a sinus on one side, color “smoke gray” at first or when moist, 
fading as if subhygrophanous to “tilleul buff,’ appearing minutely 
fibrillose under a lens, when faded often glistening, sometimes somewhat 
zonate, not translucent-striate; flesh watery grayish, thin and fragile, 
giving off a strong odor somewhat resembling that of the crushed bark 
of elderberry (Sambucus), taste similar and very strong; lamellae close 
to subdistant, broadly adnate but soon subdecurrent, narrow, pale gray 
at first but soon pinkish from the spores; stipe 2-5 cm. long, 2-3 (5) mm. 
thick, terete or compressed, equal, hollow (the base slightly enlarged 
in some), pale ashy gray but soon whitish, surface minutely fibrillose 
at first, becoming nearly glabrous at times; spores 9-11 x 7-8 y, angular, 
ellipsoid in outline, “ochre red” in deposit; basidia four-spored; pileus 
trama homogeneous; gill trama homogeneous; cystidia not differentiated. 

Scattered under second growth hardwoods, near Cades Cove, Tenn., 
just outside the Park, August 10, 1938 (10003—type, H & S). Hesler 
collected the fungus several times previously in the same locality. The 
peculiar odor and pale gray colors are its outstanding characters. 
Here as in Leptonia serrulata, the gill attachment is variable and 
likely to cause some confusion in placing the species in the proper genus. 


Marasmius epodius Bresadola 


Pileus 10-25 mm. broad, obtuse to broadly convex, deeply and dis- 
tantly suleate or plicate to the nearly smooth disc, glabrous, color 
whitish (“tilleul buff”) to the watery whitish or pale ‘“avellaneous” 
disc, the margin appearing crenate; flesh membranous, whitish, pliant, 
odor and taste mild; lamellae distant (14-15 reach the stipe) one tier 
of short individuals near the margin, broad (3-5 mm.), free or attached 
only by a short tooth, “tilleul buff’? when young, pallid brownish in 
age, edges even; stipe 3-6 cm. long, 1—1.2 mm. thick, equal but attached 
to the substratum by a soggy bulbous mass of fibrils, pale brownish 
(near “Dresden brown’’) toward the base, whitish above, appearing 
glabrous when moist but when faded the lower portion showing a faint 
pubescence; pileus-trama corticated by a palisade of hyaline smooth 
clavate cells 20-25 x 8-12 u, (occasionally a few cells with obtuse or 
somewhat pointed projections are found), the remainder of the trama 
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homogeneous and bright red in iodine; pleurocystidia and cheilocystidia 
not differentiated; basidia four-spored; spores 19-25 x 4-5 yu (deposits), 
lanceolate toward one end, narrowly clavate at the other, not amyloid. 

Singly on dead stems of herbaceous plants in the woods, Husky Gap 
Trail, Great Smoky Mountains National Park, Tenn., August 4, 1938 
(9709—S). The collection consisted of two specimens and is deposited 
in the University of Michigan Herbarium. 

There has been considerable discussion of this species in the litera- 
ture. Maire (10) has described a variety, M. epodius var. microsporus, 
with small spores. Kiihner (9) has described pleurocystidia for this 
variety. Battetta (1) in his account of the species also described 
the gills as having cystidia. Josserand (7) has placed M. epodius in 
synonymy with M. littoralis Quél., but did not give a complete account 
of the microscopic characters of the specimens from Bresadola’s her- 
barium which he studied. The two specimens collected in Tennessee 
differ from the descriptions of the French mycologists in lacking pleuro- 
cystidia and cheilocystidia, and in having smooth thin-walled hyaline 
clavate cells in the palisade layer forming the surface of the pileus. 
Clavate cells with scattered projections were found but they were rare 
and by no means characteristic. Our observations, admittedly made 
from scanty material, revive the question of the synonymy of M. lit- 
toralis and M. epodius. Three possibilities suggest themselves: The 
American specimens may represent a distinct species different from 
either of the European species. The nearly smooth pileus, the very 
faintly pubescent stipe (when faded) and habitat on herbaceous stems 
in forests might be distinctive although we are inclined to believe they 
are not. It is also possible that there exists a single species in which 
spore size, occurrence of cystidia, and the type of cells forming the 
palisade of the pileus are all variable. We are inclined to place great 
emphasis on anatomical characters, and believe that the amount of 
variation mentioned above must be proved before it can be accepted. 
Finally, it seems possible that only two species exist, M. littoralis Quél. 
and M. epodius Bres. The former characterized by conspicuous cystidia 
and smaller spores. Since Bresadola described and illustrated cystidia 
for many species of Marasmius, it is logical to assume that, if he omitted 
any mention of them in a description of a new species, it was because 
he had not observed them. Consequently we are using Bresadola’s 
name for the American collection. We are obviously not in a position 
to settle the question at this time because of the difficulties caused by 
the war. 
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We have not been able to find a description of an American species 
which even closely approaches that of M. epodius. Marasmius man- 
ginisporus Murr. is an entirely different type of fungus. 


Mycena carolinensis sp. nov. Text fig. I, 8,9 & 10. 


Pileus 5-10 mm. latus, convexus, subviscidus, glaber, striatulus, 
subluteus demum sordide luteobrunneus; lamellae adnatae, latae, sub- 
distantes, luteoalbidae demum pallide brunneae; stipes 2-3 cm. longus, 
aequalis, pallide luteus demum sordide brunneus, impolitus; sporae 
7-8 x 3.5-4 yu; pleurocystidia leva, fusoide ventricosa, 60-70 x 8-12 yu; 
cheilocystidia capitata, apice echinulata. Specimen typicum legit prope 
Grassy Patch, Great Smoky Mts. National Park, Tenn., Aug. 18, 1939, 
A. H. Smith n. 14885, in Herb. Univ. of Mich. conservatum. 


Pileus 5-10 mm. broad, convex, remaining broadly convex or becom- 
ing plane, margin appressed against the stipe at first, surface subviscid 
to viscid, glistening when moist, translucent-striate and soon sulcate 
to the flattened disc, glabrous, color ‘maize yellow’ when young, fad- 
ing on the margin and the disc becoming tinged with brown in age, 
sometimes sordid brownish over all; flesh thin, pliant (but not reviving) 
whitish, odor and taste mild; lamellae bluntly adnate, moderately broad, 
(up to 2 mm.), subdistant (10-13 reach the stipe), 1 tier of short indi- 
viduals, yellowish white, edges pallid, under a lens the faces appear 
pruinose from projecting cystidia; stipe 2-3 cm. long, 0.5-1 mm. thick, 
strict, equal, pliant, pale yellow when young, becoming sordid brownish 
in age, dull and unpolished (but pubescence hardly visible under a lens), 
inserted on the substratum; pileus trama composed of a subgelatinous 
pellicle made up of yellow hyphae, the remainder of the trama of en- 
larged hyaline hyphae which give a cellular appearance to tangential 
sections; cheilocystidia imbedded, either clavate to subcaptitate with 
echinulate apices or similar to the pleurocystidia; pleurocystidia abun- 
dant, smooth, with pale yellowish content, 60-70 x 8-12 », somewhat 
ventricose with an elongated neck; basidia four-spored; spores 7-8 x 
3.5-4 yu, ellipsoid, amyloid; caulocystidia rare to abundant, some resem- 
bling pleurocystidia, some resembling the cheilocystidia and some 
variously contorted or elongated and branched; pileus, gill and stipe 
tissue deep vinaceous red in iodine. 

Singly or in twos and threes on dead twigs of rhododendrons, in 
North Carolina and Tennessee. The type was collected at Grassy 
Patch, in the Park, Aug. 18, 1939, by members of the Mycological 
Society of America attending theesummer foray. Hesler first collected 
it at Highlands, N. C. Portions of the type (14885—S) are deposited 
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at Harvard, in the Mycological Collections of the Bureau of Plant 
Industry, Washington, D. C., and at the universities of North Carolina, 
Tennessee, and Michigan. 

The stipe of M. carolinensis revives somewhat, and at first it seemed 
questionable whether or not the species should be placed in Marasmius. 
Dried specimens do not revive as well as those of Mycena corticola, 
however. This in view of the nature of the trama of the pileus, its 
reactions to iodine, and the two types of cystidia is more indicative of 
Mycena than Marasmius. Dr. Jacob. E. Lange, who saw material 
from Cades Cove, Tenn., pronounced it a Mycena. Although differing 
sharply in color, M. carolinensis has a superficial resemblance to M. 
corticola. The consistency, the manner in which the stipe is attached 
to the substratum, and the shape of the pileus are all suggestive of that 
species. 


Omphalia picta (Fr.) Gillet. 

Pileus 2-5 mm. broad, 5-10 mm. high, cylindric or with a flaring 
margin, not expanding, the disc flattened and circumscribed by a dark 
line, conspicuously striate to the disc, glabrous, moist, ‘“Brussel’s 
brown” over the disc and striae, the remainder yellowish; flesh very 
thin, yellowish to brownish under the disc, odor not distinctive, taste 
not recorded; lamellae subdistant to distant (15-18 reach the stipe), 
only one tier, narrow (1.50 mm.), attached to the enlarged upper portion 
of the stipe by their inner margins (the only free portion is that between 
the stipe and the margin of the pileus, actually only the outer extremity 
of the gill), color near “‘warm buff’’; stipe 2-6 cm. long, filiform or up 
to 1 mm. thick, apex abruptly inflated, 2.5 mm. + for the length of the 
pileus, equal below, very rigid, cartilaginous (but not reviving), glabrous, 
concolorous with the pileus, with sparse tawny mycelium around the 
base; pileus-trama homogeneous and pseudoparenchymatous in tan- 
gential section, composed entirely of hyaline isodiametric cells, pellicle 
hardly differentiated; gill-trama similar to pileus-trama in section; 
basidia 18 x 10 uw, four-spored; pleurocystidia none seen; cheilocystidia 
imbedded rare, 15-20 x 10-144, nearly hyaline or pale yellowish, 
broadly ellipsoid to clavate, apices with short pointed projections; 
spores 7-9 x 3.5-4.5 u, broadly fusoid to subellipsoid, hyaline, smooth, 
hyaline in iodine; pileus-trama yellowish in iodine and stipe-tissue 
vinaceous red. 

Singly under rhododendron, Grassy Patch, Great Smoky Mts. 
National Park, Tennessee, Aug. 6, 1938 (9838-S); at Lake Crescent, 
Washington, under madrofia and fir, June 2, 1939 (13915). 
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A most curious agaric because of the swollen apex of the stipe, the 
cylindric pileus, and the manner in which the gills are attached. The 
gills might be considered as adnate, but having become attached to the 
stipe along most of what should be the free edge. Thus one might 
place the species in Mycena. The other interpretation, and the one 
generally accepted, is that the condition represents the extreme develop- 
ment of the triangular type of gill frequently found in the Mycenarii 
of Omphalia. In this group the gills are often broadest in the notch 
between the stipe and cap, and the portion which extends to the cap- 
margin and that which is decurrent on the stipe represent only the 
tapered extremities. In O. picta the development has progressed so 
far that the tapered extremities have been all but obliterated and the 
only free margin left on the gills is the comparatively straight line from 
the margin of the cap to the stipe. 

The iodine reactions are pronounced for the tissue of the pileus and 
stipe but not for the spores. The latter remained hyaline. This 
indicates that they are probably amyloid. Such a situation is often 
encountered among species of Mycena. Some collections will give a 
relatively strong reaction whereas in others the reaction is weak. 
We consider it significant that the spores did not become distinctly 
yellowish. 

We have placed the American collections in the Friesian species 
rather than in Omphalia cylindraceo-campanulata (Henn.) v. Hoh. 
because it seems more logical to expect a European form in our region. 
Von Hohnel’s drawings illustrate our material very well, but he did not 
find cystidia or spores, and he described the pileus as dull. He em- 
phasized the relationship to O. picta, however. According to most 
European accounts, O. picta has echinulate spores. This statement in 
most cases has apparently been copied from Saccardo. His accounts 
of spore size in the Agaricaceae are notoriously unreliable. Hence 
we are not inclined to use the character of smooth spores here as the 
basis for a new species even though ordinarily the character is one of 
the best. 


Omphalia strombodes (Berk. & Mont.) Sacc. 


Pileus 3-8 cm. broad, flat with a decurved and inrolled margin when 
young, the disc soon depressed, in age deeply depressed, the margin 
usually remaining decurved, the surface dry and covered by a coating 
of grayish fibrils which is almost continuous at first but which soon 
breaks up into small appressed scales or fibrillose patches, color evenly 
“clove brown” when young, becoming “dark olive buff’”’ or paler toward 
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the margin and “colonial buff’’ beneath the grayish appressed fibrillose 
patches, margin somewhat wrinkled but not striate; flesh very thin and 
pliant, pale yellowish to grayish, odor fungoid, taste mild; lamellae 
long decurrent, subdistant (20-25 reach the stipe), 2-3 tiers of short 
individuals, narrow (2-4 mm.), equal, “mustard yellow,” becoming 
paler but never white; stipe 4-5 cm. long, 5-6 mm. thick, equal or 
slightly enlarged above, hollow, subcartilaginous, glabrous, whitish 
or somewhat yellowish above, base scarcely mycelioid; spores 7-9 x 4-5.5 
(6) wu, ovoid to ellipsoid, pale yellow in iodine; basidia four-spored, 
30 x 7 wu; cheilocystidia and pleurocystidia not differentiated; gill-trama 
homogeneous, interwoven, yellow in iodine; pileus-trama homogeneous, 
yellow in iodine. 

Gregarious on oak logs, Cades Cove, Tenn., August 20, 1939 (14902). 
The collection was identified by Prof. W. C. Coker who has found the 
species in North Carolina. We have taken the liberty of giving a 
complete description of both the macroscopic and microscopic characters 
in order to facilitate a comparison of them with accounts of other work- 
ers. Beardslee (2) has discussed the relationships of O. strombodes 
to O. hypoxantha Bres. (Clitocybe xanthophylla). Our observations 
agree with his; we also have failed to find a species with globose spores. 
There seems to be little doubt that O. hyporantha is the same as O. 
strombodes. 


Stropharia caesiispora Kauff. Text fig. II, 4, 5 & 8, and Stropharia 
Hardii Atk. Plate 12 and text fig. II, 3 & 6. 


Stropharia caestispora is found rather frequently in the vicinity of 
Gatlinburg and Elkmont, Tenn. We have the following records of it 
from the Park: Coon’s Hollow, Aug. 7, 1938, (9859—H & S); Cades 
Cove, Aug. 10 (9962—H & 8); Indian Creek, Aug. 14 (10145—H & 8); 
Grassy Patch, Aug. 22, 1938 (10404—S); Grassy Patch, Aug. 18, 
1939 (14888—S); near Gatlinburg, Aug. 18, 1939 (14916—H & S§S). 
Kauffman’s description (8) does not cover the microscopic characters 
satisfactorily. As a result it seems pertinent to publish here a more 
detailed account of these characters as they were observed on the type 
specimens. 

The pileus-trama is homogeneous beneath a thin surface pellicle of 
gelatinous hyphae. The pellicle is poorly organized and is more readily 
distinguished from the remainder of the tissue by the gelatinous walls 
of its hyphae than by the smaller size of the latter. Cystidia are very 
abundant on both the sides and edges of the lamellae, contrary to 
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Kauffman’s statement, but do not project very far beyond the basidia. 
They are highly refractive in mounts revived in KOH, and measure 
28-40 x (8) 10-20 ». Their shape varies greatly. Many are mucronate 
as in Hypholoma capnoides, and have the same type of “metallic” 
content. Other individuals are saccate or clavate and with or without 
the refractive content. Most of the cystidia originate in the sub- 
hymenium. The basidia are four-spored and measure 22-24 x 6-7 uz. 
The gill-trama is homogeneous and not otherwise distinctive. The 
spores measure 5-6 (7) x 4-5.5 uw, possess a very minute apical germ 
pore, are ovoid to ellipsoid, and dull brown under the microscope. 
They are thick-walled and have the same structure as those possessing 
a truncate apex. Under an oil immersion lens the tip of the spore is 
seen to be provided with an apical pore, but the latter is so small 
it does not cause the apex to appear flattened. 

In some of our collections, clusters of needle-like spicules could be 
observed projecting from the hymenium in water mounts. These did 
not seem to be constant for all collections and were not observed on 
dried material. : 

A study of the type of Stropharia Hardii Atk. has been made and 
the following data obtained. The pileus-trama is homogeneous beneath 
a thin gelatinous pellicle. The gill-trama is homogenous. Pleuro- 
cystidia are scattered over the gills, measure 38-40 x 9-15 uw, and are 
ventricose with mucronate or somewhat elongated apices. Some 
have a highly refractive content, some are pale rusty brown, and some 
are hyaline and homogenous. The apex sometimes is furnished with 
several knob-like processes. The presence of cheilocystidia could not 
be determined because the gill edges had been badly eaten by larvae. 
The basidia were four-spored. The spores measured 6-7 (8) x 4-5 yu, 
were pale brown in KOH and have a very small apical germ pore visible - 
only under an oil immersion lens. 

As far as we can determine S. Hardii and S. caesiispora are the same. 
S. Hardii was very likely at least subviscid when fresh, but the character 
was apparently overlooked. All species with such a gelatinous pellicle 
feel at least slightly sticky under normal conditions. Stropharia 
drymonia Morgan (11) was distinguished from S. Hardii because of its 
viscid pileus. With the demonstration of a gelatinous pellicle on S. 
Hardii, it becomes necessary to reduce both S. drymonia Morg. and 
S. caesiispora to synonymy with Atkinson’s species. There is but little 
resemblance of this fungus to S. depilata. 
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NEW SPECIES OF BOLETI FROM CADES COVE IN 
THE GREAT SMOKIES! 


Water H. Snett, ALEXANDER H. Smira, anp L. R. HESLER 


The few visits made by the authors, together or severally, to fascinat- 
ing Cades Cove in the Great Smoky Mountains National Park have 
yielded a variety of interesting Boleti among its generally rich fungous 
flora. Many collections were puzzling as to whether they were varia- 
tions of well-known species or were new species, but the following four 
appear to be sufficiently distinct from any thus far found in this coun- 
try, to be described as new. 


BOLETUS LONGICURVIPES Snell and Smith 


Pileo convexo, viscido, primo “zinc orange’’,? ad marginem pallidiore, 
demum subflavido et rubrobrunneotincto, 3-6 cm. lato; carne flavido- 
alba; tubulis adnexis vel adnatis, depressis, e subflavidis flavovirenti- 
bus; stipite sursum attenuato, curvato, furfuraceo, basi fibrilloso, e 
flavido albido, incarnato-rubrotincto; sporis ferrugineis, ellipsoideis 
vel subfusiformibus, 13-18 x 5~6.5 yu. 

Pileus convex, 3-6 cm. broad. Surface even to more or less shallow- 
pitted at times, viscid, at first deep dull orange-yellow (‘‘zinc orange’’) 
on the disc to paler on the margin, soon ochraceous-tawny splashed with 
lighter yellowish-brown, finally pale yellow with a reddish-brown tinge 
especially on the apex, the margin paler, at times more or less olivaceous 
and irregularly streaked with somewhat darker lines. Flesh pale 
yellowish-white, unchanging; odor and taste none. Tubes adnexed 
to adnate, much depressed, plane or slightly convex, very pale yellow, 
becoming almost greenish-yellow or with an olivaceous tinge, unchang- 
ing; mouths rotund, pale yellow to sordid greenish-gray, minute (2 a 
mm.). Stipe tapering upwards, curved or wavy, curved at base, never 
straight as thus far observed, furfuraceous over the entire length, fibrous- 


1 Papers from the Department of Botany, Brown University, Papers from the 
University of Michigan Herbarium, and Contributions from the Botanical Lab- 
oratory, The University of Tennessee, N. Ser. 42, respectively. 

2 Color terms in quotation marks are those of Ridgway, ‘‘Color Standards and 
Nomenclature.”’ 
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striate at base, apex pallid yellow, base pallid to more or less yellowish- 
white, almost white all over, middle or lower portion tinged pinkish- 
reddish brown; within very fibrous, pale yellowish-white like flesh of 
pileus but center more yellow, perhaps turning greenish in spots or 
streaks, but usually not at all; 4-12 (usually 9-12) em. long, 7-15 mm. 
thick. Spores ferruginous-brown in mass, ellipsoid to subfusiform, dull 
olive to light brown, 13-18 x 5-6.5 4, mostly 16 x 5.5y. Cystidia 
not abundant, acutely or bluntly lageniform, hyaline, 45-50 x 7-10 u. 

In a mixed woods of white pine and oak, Cades Cove, Great Smoky 
Mts. National Park, Tennessee. August. No. 897 in Herb. WHS and 
no. 10320 Herb. University of Michigan. 

As far as observed, this species is characterized by a relatively long 
stipe thus far always found curved, usually at right angles at the base. 
It is unusual for a species of its group growing under white pine to have a 
stipe without glandular dots. It is placed in the Viscipelles because 
of its viscid surface and general appearance of this subgroup in spite of 
spores that are more or less subfusiform. 


BOLETUS GLUTINOSIPES Snell and Hesler 


Pileo convexo, sicco, subglabro, flavidobrunneo, olivaceotincto, 
rubrobrunneo virgato vel punctato, 2-3 cm. lato; carne pallida, sub 
pelle rubrobrunnea; tubulis adnatis, flavovirentibus vel citrinis; stipite 
subbulboso, glutinoso, apici furfuraceo, deorsum substriato, cremeo, 
flavidobrunneo, rubrotincto; sporis olivaceis, subfusiformibus, sub 
lente subolivaceis, 10-14 x 4-5 uy. 

Pileus convex, 2-3 cm. broad. Surface dry, subglabrous, pale 
yellow-brown with tinge of olivaceous, more or less streaked or spotted 
or dotted irregularly and minutely with reddish-brown, with the red 
disappearing from the disc toward the margin in age or upon drying. 
Flesh pallid, not white but hardly yellow, reddish-brown under the 
cuticle, unchanging; odor and taste not noteworthy. Tubes adnate, 
slightly depressed, light greenish-yellow or lemon-yellow, unchanging; 
mouths subangular, minute (2-3 a mm.). Stipe wavy, enlarged at 
base, glutinous most of length, yellow-furfuraceous at apex, substriate 
below or perhaps most of length, creamy white to very pallid yellow 
on apical 10-15 mm., extreme base white tomentose, above that for 1 
em. light yellowish-brown, middle portion slightly tinged pale reddish- 
brown; within fibrous, more colored than flesh of pileus, but not yellow, 
middle portion tinged very pale brownish; 6-7 cm. long, 3-5 mm. thick. 
Spores deep olive in mass, subfusiform, pale olive, 10-14 x 4-54, 
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mostly 11-12 x 4.5 wu. Cystidia fusiform to lageniform, hyaline, 30-50 x 
7-10 yp. 

Gregarious, deep in Polytrichum attached to dead stems, near mix- 
ture of Pinus virginiana and Quercus, etc. Cades Cove, Great Smoky 
Mts. National Park, Tennessee. August. No. 898 in Herb. WHS, 
and no. 12514 in Herb. University of Tennessee. Coll. L. R. Hesler. 


BoOLETUS RUBROPICTUS Snell and Smith 


Pileo convexo, sicco, e roseo rubro, rubro-fibrilloso vel brunneo- 
squamuloso, margine ochraceo, 4-5 cm. lato; carne subflavida; tubulis e 
depressis sublibris, flavidis; poris rubris; stipite subbulbuloso, supra 
reticulato, deorsum e punctato fibrilloso, basi tomentoso, e flavocitrino 
rubropicto; sporis ellipsoideis, sub lente subflavidis, 7-12 x 4—4.5 uy. 

Pileus convex, 4-5 cm. broad. Surface dry, dark to light rosy-red 
overlaid with dark red fibrils or patches of sordid brownish fibrils 
which appear like scales, ochraceous toward the margin which is vari- 
ously fibrillose or tomentose, appearing much like Boletinus pictus. 
Flesh very pale yellowish, not changing, worm-eaten places red; odor 
not distinct to slightly fragrant; taste acidulous. Tubes depressed 
to nearly free, 5 mm. long, yellowish, unchanging; mouths very small 
(2 a mm.), rotund, red. Stipe somewhat enlarged at base, faintly 
reticulate above, punctate to fibrillose downward, tomentose at base; 
ground color dull yellow to lemon-yellow downward, middle portion 
more or less covered with diffuse, red splotches with punctate centers, 
which may make the stipe predominantly red, base white; within pale 
yellowish, unchanging; 7 cm. long, 1 cm. thick. Spores sordid oli- 
vaceous-brown in mass, ellipsoid, often more or less narrowed at one 
end, very pale yellowish, 7-12 x 4-4.5 u, mostly 8-9 x 4.5. Cystidia 
fusiform to lageniform, hyaline, 30-50 x 7-10 yu. 

Solitary under pine. Cades Cove, Great Smoky Mts. National Park, 
Tennessee. August. No. 945 in Herb. WHS, and no. 10520 in Herb. 
University of Michigan. Coll. A. H. Smith. 

This species is different from any of the few of the Luridi which do 
not change to blue in any part when cut or bruised. 


BoLETUS TENNESSEENSIS Snell and Smith 


Pileo convexo, sicco, e subpruinoso adpresso, fibrilloso, primo “‘Etrus- 
can red,” deinde pallidiore, demum “pinkish buff’’; carne albida festi- 
nanter cyanescente; tubulis adnatis, subdecurrentibus, cremeis vel 
sordidis, olivaceo-ochraceis, cyanescentibus; stipite aequali vel sub- 
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bulbuloso, tomentoso vel furfuraceo, apici flavo, deorsum sordido et 
pallido; sporis late ellipsoideis, sub lente subflavovirentibus, 7-8 x 4-5 u. 

Pileus convex, 6-9 cm. broad. Surface dry, subpruinose to minutely 
appressed-fibrillose under a lens or scarcely subtomentose in places, 
when young evenly “Etruscan red,” fading to paler red and finally 
with the margin and patches elsewhere sordid ‘“‘pinkish-buff.”’ Flesh 
firm, whitish, quickly turning pale blue near tubes and at the apex of 
the stipe when cut, tinged with red around the worm holes; odor faint; 
taste slightly bitterish, hardly distinctive. Tubes adnate to sub- 
decurrent, up to 7 mm. long, “cream buff” or more sordid yellowish 
within, becoming ‘dark olive buff’? at maturity because of the sheen 
caused by the grayish-olive mouths, quickly turning pale blue when 
bruised or cut; mouths small (2 to a mm.), rotund, grayish-olive, turn- 
ing pale blue. Stipe equal with enlarged base, variously tomentose to 
bunchy-tomentose or furfuraceous the entire length, appearing almost 
glandular-furfuraceous in places, extreme apex yellow, below sordid 
and dingy pallid; within whitish, becoming pallid blue above and sordid 
grayish below; 8-10 cm. long, 10-25 mm. thick. Spores dull brown 
in mass, broadly elliptical, pale greenish-yellow, 7-8 x 4-5 yu, few 
nearly 9 u long. Cystidia clavate to fusiform to lageniform, hyaline, 
25-40 x 5-8 u. 

Solitary under mixed pine and oak. Cades Cove, Great Smoky Mts. 
National Park, Tennessee. August. No. 954 in Herb. WHS and no. 
10011 in Herb. University of Michigan. Coll. A. H. Smith. 

This species is characterized by its rather striking coloration and 
especially by the very small spores. It is very difficult to place in any 
group in the Friesian-Peck scheme. It is apparently closely related 
to Boletus Ballouii and these two will probably be in a new genus 
erected for them. 
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HEREDITARY ASPECTS OF CYSTINURIA 
By James C. ANDREws and KaTHLEEN C, ANDREWS 


Two Text Figures 


Although cystinuria is justly regarded as a metabolic defect of 
hereditary character there are not many cases on record in which its 
incidence has been traced through several generations. The two most 
extensive cystinuria family trees mentioned in the literature are those 
reported by Abderhalden (1) and by Robson (7) and Thin (9). These 
cases are discussed by Lewis (6) in a review of cystinuria in which a full 
bibliography is included. 

In view of the comparative paucity of our knowledge concerning the 
hereditary aspects of cystinuria it seems worth while to record the 
results of some similar investigations on the part of the authors. Al- 
though cystinuria is a rare defect and appears to have an incidence of 
only about 1 per 10,000 to 20,000 individuals there is reason to suspect 
that cystinurics are more common than has usually been thought. 
This suspicion exists because, although cystinuria is characterized by 
the excretion of abnormally large amounts of cystine in the urine, the 
condition is likely to go undetected for the lifetime of the patient unless 
the excreted cystine forms kidney and bladder stones necessitating 
mechanical or surgical measures for removal. The fact that cystinuria 
results from the inability of the body to oxidize a certain proportion of 
amino acid sulfur and that of all elements taken into the body as food, 
sulfur undergoes the most extensive valence change in its oxidation, 
encourages the view point that cystinuria might well be expected to 
be more common than it is. 

Cystinuria has been recognized, during the one hundred and thirty 
years since the first cystine stone was reported, in various ways. If 
the cystine actually forms calculi in kidney or urinary bladder the case 
naturally receives attention. In many cases, however, no calculi are 
formed but the cystine precipitates out of the urine after the latter is 
passed, in the well known and characteristic hexagonal crystals. Such 
cystinurics are more likely to escape detection. Many others even fail 
to precipitate cystine crystals, due probably to the protective action of 
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urinary colloids, but still excrete abnormal amounts of dissolved cystine 
—sometimes as much as a gram per day. These cases are those which 
almost always escape detection unless laboratory tests are applied. 

For rapid and routine examination of urine samples for cystine the 
nitroprusside test as described by Brand, Harris, and Biloon (5) is 
convenient and gives very satisfactory results. A positive result by 
this test should, however, be followed by the application of the modified 
colorimetric Sullivan test (8) which is definite and specific for cystine 
if positive but which gives low results if too high a concentration of 
reducing substances (ascorbic acid, etc.) is present in the urine (2, 3, 4). 
In the data which follow this procedure was used. In all cases the 
nitroprusside test was first applied and was followed by the Sullivan 
test. With a few of the individuals in Figure 1, it was possible to apply 
only the nitroprusside test. In such cases only a very strongly positive 
test was accepted as indicating cystinuria. 

In the figures which follow the following symbols are used: 


O = Male negative O = Female negative 
@ = Male cystinuric @ = Female cystinuric 
& = Male untested ® = Female untested 


The family represented by Figure 1 is of interest because the original 
subject (shown by the encircled symbol) was the child of deceased 
parents, both of whom had older children by previous marriages. On 
the assumption that one or the other of these parents might have been 
cystinurics or might have transmitted cystinuric tendencies it was of 
particular interest to examine the half-siblings of the original subject 
together with their children. Out of 16 such subjects, 14 were tested 
but no positives were found. The positive cases were all confined to the 
younger branch of the family. Three living siblings of the deceased 
mother were all tested and found negative. 

Family B in Figure 2 represetits a most unusual case of a marriage 
between two cystinurics. It was ascertained that these were not 
members of the same family and were even of different nationalities. 
The situation therefore differs somewhat from that reported by Robson 
(7) and Thin (9) in whose cystinuric family there were three first cousin 
marriages. The result in family B appears to have been a complete 
incidence of cystinuria in the first generation. In spite of the fact that 
the daughter (deceased) could not be tested, her medical history showed 
calculus formation. In such a family it is a fair inference that these 
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OCCURRENCE OF CYSTINURIA 
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were cystine calculi. The third generation showed complete freedom 
from this abnormality. 

While there is no doubt as to the hereditary influence in cystinuria 
it is obvious that considerable erratacism is encountered. Much 
additional data of this type must be accumulated before any generaliza- 
tion as to the nature of this characteristic can be made. 


CONCLUSION 


The incidence of cystinuria in two families was tested and is herein 
reported. Much further data is necessary before any generalization 
can be made as to the hereditary aspects of this metabolic abnormality. 
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A TAXONOMIC STUDY OF THE MUCORALES IN THE 
SOUTHEASTERN UNITED STATES* 


By Grorce A. CHRISTENBERRY 
Puiates 13-19 


INTRODUCTION 


In the present work the author presents a preliminary survey of the 
Mucorales found in the southeastern United States. Intensive work 
has been done on the order by European mycologists as van Tieghem 
(1873, 1875, and 1876), Fischer (1892), Lendner (1908), Hagem (1908, 
1910), Zycha (1935), and Linnemann (1935). As for this country, little 
has been done in the way of a taxonomic study of the entire order. 
Pound (1894) published a paper revising the Mucorales with reference 
to the species reported from the United States, of which he listed fifteen. 
Sumstine (1910) reported about thirty species which he had collected 
and identified, but discarded the generic names which had been given 
priority. Povah (1917) specialized on the genus Mucor, reporting 
eighteen species. Thaxter (1891, 1897, 1903, 1914) collected and 
described several new genera and species and pointed out the lack of 
research on the American Mucorales. In the Cephalidaceae the only 
work of importance from the United States that came to the writer’s 
attention is that of Thaxter. Blakeslee’s (1904) epoch-making work 
on sexual reproduction was not intended to be a taxonomic study. 


COLLECTIONS AND CULTURING 


Two methods of collecting were used in order to discover the Muco- 
rales inhabiting the region. In the first, Manila envelopes were carried 
on collecting trips and used in soil collections. A small amount of soil 
and decaying organic matter were placed in the envelopes and brought 
back to the laboratory. The contents were used to inoculate Petri 
dishes containing Blakeslee’s #230 agar. After forty-eight hours, 
single-sporangial cultures were made on sterile plates of each species 
of the Mucorales present. These pure cultures were used to determine 


* Condensed from a thesis submitted to the Faculty of the University of North 
Carolina in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in the Department of Botany, 

333 








334 JOURNAL OF THE MITCHELL SOcIETY [December 


the species, and after this was done, new cultures were made on slants 
of B #230 agar and stored for future reference. 

The other material collected was various types of dung (mule, horse, 
cow, sheep, goat, rat, and dog). This was placed either in paper bags 
or glass jars according to whether the collector was returning immedi- 
ately to the laboratory or would be away for more than a day. On the 
return of the collector to the laboratory, the material was placed in large 
culture dishes. After two days a luxuriant mycelium was produced. 
Pure cultures were made by the same technique as used for the soil 
collections. Studies were made of the mycelium to determine whether 
any of the Cephalidaceae were present as parasites. If any were found, 
glycerin slides were made and preserved. The members of the genus 
Pilobolus were treated in the same manner. 

The writer has tried several types of culture media but has found 
that Blakeslee’s #230 agar is the most satisfactory to use in culture 
work with the Mucorales. All species seemed able to fruit equally 
well on this media, so all studies and descriptions were made from 
cultures on it. The formula for it is as follows: 


1000 cc H,O 
30 gm. agar 
20 gm. dextrose 
20 gm. maltose 
1 gm. peptone 


Most of the four hundred and three collections were made in North 
Carolina. The writer was able to get a grant for aid in research from 
the Smith Fund of the University of North Carolina. Five trips were 
financed by this: three to different parts of the Atlantic coast, one 
covering the central part of the state, and the last to the mountains. 
Over 2000 miles were covered and 200 collections made. The writer 
wishes to thank Dr. J. N. Couch who, financed by a grant from the 
Carnegie Corporation, made collections on the way to Mexico. These 
collections were made in Georgia, Alabama, Mississippi, Louisiana, 
and Texas. Collections were made by the author in South Carolina, 
and specimens were also obtained from South Carolina and West 
Virginia by fellow students while home for holidays. 

In this study of the Mucorales the author includes only the species 
studied by him in the living condition. Members of the botanical 
staff and former students have from time to time over a period of 
years studied the Mucorales and have found around Chapel Hill a 
number of species not listed here. 
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The following table indicates the number of times each species was 
collected and in what state. It also shows the total number of collec- 


COLLECTION TABLE 
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tions made in each state and the grand total for all collections. More 
than one species was found in some collections and none at all in others, 
which accounts for the discrepancy between the number of collections 
made and the number of species found. 


MUCORALES 


The mycelium of the entire order may be divided into the substrate 
mycelium and the aerial mycelium. The substrate mycelium is highly 
developed and little modified throughout the order, consisting of non- 
septate coenocytic hyphae usually embedded in the substratum. Septa 
may be formed in old hyphae but these cut off multinucleate segments. 
Gemmae of various types are developed in many genera. 

Aerial hyphae bearing the sporangia arise from the substrate mycelium 
and may vary from simple, unbranched hyphae to a luxuriant, much 
branched aerial mycelium. In the greater number of genera the 
sporangia are usually terminal but sometimes lateral and contain 
many non-motile spores. These spores are formed by the migration 
of many nuclei into the swollen hyphal tip and by progressive cleavage, 
one or more nuclei being separated into portions of protoplasm which 
secrete the spore walls. In some genera the sporangium is indehiscent 
and contains only a few spores and is termed a sporangiolum; and in 
others there is just one spore which functions as a conidium. These 
spores germinate by means of a germ tube and are the principal means of 
propagation. 

Sexual reproduction consists of the fusion of two multinucleate 
gametangia. Most members of the order are isogamous and heterothal- 
lic, but some are either heterogamous or homothallic or both. The 
zygospores germinate to form a germ sporangium which contains spores 
similar to those of a typical sporangium. 


Key to the families 


I. All sporangia many-spored, possessing columellae; zygospores not enclosed 
in hyphal envelope. 
A. Sporangia present in all cases; sporangiola and conidia, if present, borne 
singly and not collectively on specialized fruiting hyphae. 
1. Only sporangia present. 
a. Sporangial wall thin; zygospores rough, suspensors not tong-like 
I. Mucoraceae 
b. Sporangial wall cutinized; zygospores smooth, borne between tong- 
RS Senin, G9 ae Re As pe en II. Pilobolaceae 
2. Sporangia when present terminal; conidia or sporangiola borne laterally 
III. Thamnidiaceae 
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B. Sporangia present or absent; either linear sporangia, sporangiola or conidia 
present in all cases, borne collectively on specialized fruiting hyphae. 

1. Sporangiola or conidia borne on terminal enlargements of branches 

of conidiophore.......... Bi can eiehia wine wedao wales IV. Choanephoraceae 

2. Linear sporangia present on specialized basal cells. ...V. Cephalidaceae 

II, All sporangia many-spored, columellae absent, zygospores enclosed in hyphal 

RS rtds 24.0 6ds comcuvideces perwie ne sents yraremaed VI. Mortierellaceae 


MUCORACEAE 


The mycelium of this family is typical for the order and may be 
divided into substrate mycelium and aerial mycelium. The substrate 
mycelium ramifies into the substratum; the hyphae are at first coeno- 
cytic, but a few cross walls are formed in most cases on aging. Gemmae 
of various types are usually present. The aerial mycelium is comprised 
principally of sporangiophores bearing pyriform or globose sporangia 
which are the chief means of asexual reproduction. These sporangia 
possess columellae, and sporangiola are absent except in rare cases. 
The zygospores are isogamic or heterogamic, and at maturity are not 
enclosed in a hyphal sheath. Both homothallic and heterothallic 
forms are present. 


Key to the genera of the Mucoraceae 


1. Sporangiophores arising directly from vegetative mycelium.................3 
Sporangiophores arising from stolons which form rhizoids at point of contact 
SURGE I, SUSOUOED BOOTING... noes is ios ov ccvcesitny es vanes siccon seis 2 

2. Sporangia pyriform, sporangiophores arising from internodes, suspensors pos- 
I oss oso ak eta aing ng aC Ree aes eco Meehan ee wnad I. Absidia 
Sporangia spherical, sporangiophores arising from nodes, suspensors not pos- 
RR oP err mer rt Tee ree II. Rhizopus 

3. Sporangiophore determinate, lateral brasches rarely circinate.............. 4 


Sporangiophores indeterminate, lateral branches circinate....III. Circinella 
4. Sporangiophore simple, metallic iridescent, 5 cm. or more high, suspensors 


possessing dichotomously branched appendages.............. IV. Phycomyces 

Sporangiophore simple or branched, suspensors lacking appendages........ 5 

5. Plants homothallic, suspensors unequal..................... V. Zygorhynchus 
Plants mostly heterothallic, rarely homothallic, suspensors mostly equal 

VI. Mucor 

Plants homothallic, suspensors equal; sporangiophores repeatedly dichoto- 

con ou vecaccanncnsecieceneses¥OrRneseeeeurs VII. Sporodinia 


I. Absidia van Tieghem, Ann. Sci. Nat. 6 sér. 4: 350. 1876. 

Aerial mycelium forming arching stolons on internodes of which are 
borne sporangiophores. Sporangia pyriform, wall thin, apophyses 
present, columella hemispherical or conical, bearing at the apex a 
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protuberance or spine. Zygospores borne on the stolons, suspensors 
possessing circinate appendages. 


Key to the species 


Dig oc, wide bein esaweguedsohaes isa sabes enseo mebeemanmesen 2 
a | Aa eee eee Se ne 1, A. Lichtheimi 
SI II 6 DEANS Cid pounce nat cehbaegbmena 2. A. cylindrospora 

2. Mycelium greenish-gray, spores 2-4... ............ 0.0 cece ee eee 3. A. glauca 
Mycelium bluish-violet, spores 2-4y................ 000 cece eee 4. A. Orchidis 

1. Absidia Lichtheimi (Lucet et Costantin) Lendner, Mucor. Suisse, 

p. 143. 1908. 


Plate 13, figs. 1-5 


Collected by author on mule dung from near Winton, N. C. Re- 
ported from soil by Gilman and Abbott (1927) from Maine and New 
Jersey, and by Waksman (1916) from New Jersey. 


2. Absidia cylindrospora Hagem, Norweg. Muk., p. 45. 1908. 
Plate 13, figs. 6-8 


Collected by author in Chapel Hill, N. C., along Morgan’s Creek in 
wood humus. A. cylindrospora is heterothallic and A. spinosa homo- 
thallic, this being the only morphological difference. A. spinosa has 
been reported by Sumstine (1910) from Pennsylvania, by Pratt (1918), 
from Idaho, and Bisby (1938) from Canada. No mention was made 
of zygospores by the above authors and this species may have been 
A. cylindrospora. 


3. Absidia glauca Hagem, Norweg. Muk., p. 42. 1908. 
Plate 13, figs. 9-12 


The distinctions between this species and A. Orchidis besides color 
are: the small spine on columella which is generally absent in A. glauca 
as contrasted with the large spine in A. Orchidis, and the presence of 
gemmae in the former as contrasted with their absence in the latter. 
Isolated by the author from soil near Acme, N. C. Reported also by 
Povah (1917) from Michigan and New York, by Gilman and Abbott 
(1927) from Idaho, and by Bisby (1938) from Canada. 


4. Absidia Orchidis (Vuillemin) Hagem, Norweg. Muk., p. 40. 1908. 
Plate 13, figs. 13-16 


Collected by author from soil in pine woods at Greenville, 8. C., 
Parmele, N. C., and near Wilmington, N. C. Reported by Gilman 
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and Abbott (1927) and Waksman (1917) from New Jersey and from 
Manitoba by Bisby (1938). 


II. Rhizopus Ehrenberg, Nova Acta. Acad. Leop. 10, 1: 198. 1820. 

Aerial mycelium forming arching stolons which bear at each node 
a fascicle of sporangiophores attached by rhizoids to the substratum. 
Sporangia spherical, apophysis sometimes present, columellae hemi- 
spherical or spherical, bearing no apical spine. Zygospores isogamic 
or slightly heterogamic, suspensors not possessing appendages. 


Key to the species 


1. Sporangiophores upright, spores 5-7 long, rhizoids weak........1. R. arrhizus 
2. Sporangiophores upright, spores 7-15u long, rhizoids strong... .2. R. nigricans 


1. Rhizopus arrhizus Fischer, Rabenhorst, Kryptog. Fl. 1: 233. 1892, 


Plate 13, figs. 17-20 


Collected by author from soil at Burgaw, N. C., Monetta, S. C., 
and Chapel Hill, N. C. Reported by Sumstine (1910) from Pennsyl- 
vania and Povah (1917) from Michigan. 


2. Rhizopus nigricans Ehrenberg, Nova Acta Acad. Leop. 10, 1: 198. 
1820. 


Plate 13, figs. 21-26 


Collected from soil by author in various places in North and South 
Carolina; very common. Reported by various authors from entire 
continent. 


III. Circinella van Tieghem et Le Monnier, Ann. Sci. Nat. 5 sér. 17: 
298. 1873. 


Sporangiophores elongating indefinitely, not terminating in a sporan- 
gium, branching sympodially, the lateral branches circinate, terminating 
in sporangia. Sporangia globose, wall more or less persistent so that 
basal collarettes remain around the conical to cylindrical columellae. 
Zygospores observed rarely, spherical, smooth. 


Key to the Species 


RN. -': os sl wae Ee a pnsaigeareeweie kaa hese mmaes 1. C. nigra 
III rsicrr aa uate a eeut cues mutne a amnene ead 2. C. umbellata 
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1. Circinella nigra Bainier, Bull. Soc. Mycol. France 19: 170. 1903. 
Plate 14, figs. 45-50 


Collected by author on mule dung near Jacksonville, N. C. 


2. Circinella umbellata van Tieghem et Le Monnier, Ann. Sci. Nat. 
5 sér. 17: 300. 1873. 


Plate 14, figs. 51-55 


Collected by author on sheep dung from Williamston, N.C. Another 
collection was made at Greenville, 8. C., from rabbit dung. The spores 
were slightly smaller in this case, constituting the only difference. 
Reported by Sumstine (1910) from New York and Pennsylvania. 


IV. Phycomyces Kunze, Mycol. Hefte 2: 113. 1823. 


Substrate mycelium highly branched in culture media. Sporangio- 
phores simple, having greenish-metallic appearance, very long, usually 
greater than five cm. Sporangia terminal, globose, wall soon disinte- 
grating; columellae large, generally oval to pyriform. Zygospores 
borne between tong-like suspensors from which rigid dichotomously 
branched appendages arise. 


1. Phycomyces microsporus van Tieghem, Ann. Sci. Nat. 6 sér. 1: 
64. 1875. 


Plate 14, figs. 56-59, plate 15, figs. 60-62 


Substrate mycelium yellowish-white on B #230, hyphae less than 1 
mm. high, 2-28 u diam., much branched, cross walls present. Sporangi- 
ophores 3-5 cm. high, 70-154 yu diam., at first golden, becoming metallic- 
green at maturity. Sporangia spherical, 280-532, diam., at first 
golden, later black; wall smooth, diffluent; columellae oval, 210-434 yu 
diam. Spores golden in mass, elliptical, 7.0-11.5 x 5.0-6.6u, wall 
smooth, 1y thick. Zygospores spherical, 1254 diam., black. Sus- 
pensors with forked appendages present on one or both suspensors. 

Only one zygospore of this species has been reported heretofore. 
Van Tieghem, in describing the species, writes: 

“It (the plant) was first: presented to me in the form of a unique, 
simple, upright filament 3 cm. long, greenish-bronze below, yellowish 
above and terminated by an equally yellow sporangium. The next day, 
the filament was 5 cm. long, had become glistening and greenish-bronze 
throughout its length, and its sporangium was black. Supposing that 
this isolated filament originated from a zygospore, I isolated the base 
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with care, and found it in fact swollen into a sphere and contained in a 
broken, black membrane. That in turn was attached laterally to two 
large, obscure, bow-shaped cells, broken at a little distance, but bearing 
near the circle of attachment some black, broken spines which were 
probably branched, but only the bases of them remained. . . . The diam- 
eter of this zygospore is around } mm., about half the size of those in 
P. nitens.”’ 

Both strains of P. microsporus have been isolated from dung collected 
in North Carolina and are in culture at present. When crossed, a 
definite line of black zygospores is formed. This is the first time that 
the zygospores have been reported since van Tieghem’s original descrip- 
tion, as far as has come to the writer’s attention. This species in the 
asexual stage also is hitherto unreported from this country. 


V. Zygorhynchus Vuillemin, Bull. Soc. Mycol. France 19: 116. 1903. 

Substrate mycelium ramifying into substrate, aerial mycelium highly 
branched, bearing sporangia and zygospores. Sporangia globose, wall 
more or less diffluent, columellae mostly spherical. Zygospores formed 
from heterogamic gametangia, all species homothallic. 


1. Zygorhynchus Vuillemini Namyslowski, Ann. Mycol. 8: 152. 1910. 
Plate 15, figs. 63-69 


Collected from soil by author many times in North Carolina. Re- 
ported by many authors from northern states and Canada. 


2. Zygorhynchus Vuillemini var. albus nov. var. 
Plate 19, figs. 208-212 


This fungus was collected from pine straw near Parmele, N. C. 
In its asexual characters there is no difference between it and the type 
of Z. Vuillemini. The zygospores show a remarkable difference, 
however. The wall does not thicken and become black, therefore the 
entire culture on a Petri dish does not turn gray or black, but remains 
white. The projections on the zygospore are only small bumps and not 
pyramidal warts 2-4 long as in Z. Vuillemini. Each zygospore 
contains one to several large oil globules which give it the appearance 
of a water mold oégonium. 


VI. Mucor (Micheli, Nova plant. gen., p. 215. 1729.) Link, Spec. 
plant. (4 ed.) 6:80. 1824. 


Substrate mycelium much branched, frequently possessing gemmae. 
Aerial mycelium simple or branched, bearing either sporangia or zygo- 
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spores, or both. Sporangia terminal, spherical; wall diffluent or break- 
ing open; columellae variously shaped, without apophyses. Zygospores 
borne on aerial mycelium, suspensors not tong-shaped, mostly equal, no 
appendages present; mostly heterothallic, few homothallic. 


Key to the species (adapted from Zycha) 


Lb. Geppwen mboniiy Geeieee.. ... co. 6.5. ec ees cccas A. Sectio Sphaerosporus 
NN TE en et el ee ne 2 

2. Mycelium 0.5-3.0 mm high; sporangia not over 45y large 
B. Sectio Ramannianus 


I I a ard hn a ai wa dl PEIN IE a avis ante eA Se 3 
3. Sporangia averaging more than 100y in diameter........................05. 6 
Sporangia averaging less than 100u in diameter.. — , : 4 
4. Sporangiophore strongly branched, sporangial wall shattering ¢ or r only slowly 
heck, ru wth mech Sieh dases aie as ata uaa a aera iat a mi ones Dee Oa 5 


Sporangiophore sparsely branched, sporangial wall more quickly dissolving 

E. Sectio Hiemalis 
5. Gemmae in sporangiophore always numerous; spores short, oval 

C. Sectio Racemosus 
Gemmae in sporangiophore rarely present; spores approximately twice as 
ee Cr ee eee ee ae D. Sectio Fragilis 
6. High sporangiophores more or less sympodially branched. ..F. Sectio Flavus 
High sporangiophores not sympodially branched, sporangia large, no gemriae 
G. Sectio Mucedo 


A. Sectio Sphaerosporus 


1. Columella usually with spines, spores smaller than 8u... ..1. Mucor spinosus 
Columella smooth, spores larger than Sp................. sce ccescc cece eeees 2 
2. Spores larger than 8u, with thick walls; sporangial wall spiny, sporangiola 
present on lateral circinate branches...................... 2. Mucor dispersus 
Spores larger than 8u, walls thin, sporangial wall smooth.................... 3 


3. Sporangial wall completely breaking open at maturity. .3. Mucor petrinsularis 
Sporangial wall not breaking open, sporangiola usually present 
4. Mucor lamprosporus 


1. Mucor spinosus van Tieghem, Ann. Sci. Nat. 6 sér. 4: 390. 1876. 
Plate 15, figs. 70-73 
Collected by author from air, and cow dung, Chapel Hill, N. C. 
Reported by Sumstine (1910) from Pennsylvania. 
2. Mucor dispersus Hagem, Ann. Mycol. 8: 271. 1910. 
Plate 15, figs. 74-79 


Collected by author from soil at Greenville, S. C., Chapel Hill, N. C., 
New Bern, N. C., and Roanoke Island, N. C. Reported by Bisby 
(1938) from Canada. 
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3. Mucor petrinsularis Naumoff, Petersb. Pilze. 1915. 
Plate 15, figs. 80-82 


Collected by author on cow dung from near Greenville, N. C. 


4. Mucor lamprosporus Lendner, Mucor. Suisse, p. 92. 1908. 
Plate 15, figs. 83-86 


Collected by author from soil near Wilmington, N. C., and Rocky 
Mount, N. C. Reported by Povah (1917) from Michigan. 


B. Sectio Ramannianus 
5. Mucor Ramannianus Moller, Ztschr. f. Forst. u. Jagdw. 35: 330. 
1903. 
Plate 15, figs. 87-91 


Collected frequently by author from humus in North Carolina. 
Reported by many authors from various regions of the United States. 


C. Sectio Racemosus , 
6. Mucor racemosus Fresenius, Beitr. z. Mycol., p. 12. 1850. 
Plate 15, figs. 92-95 
Collected by author from soil and dung in North Carolina and by 


Mr. W. Ziegler from West Virginia; common. Reported by many 
authors. 


D. Sectio Fragilis 
7. Mucor fragilis Bainier, Ann. Sci. Nat. 6 sér. 19: 208. 1884. 
Plate 15, figs. 96-100 


Very common in the soil, found in almost every soil collection made. 
Crosses were made with all individuals from each collecting trip and 
no zygospores were observed, but there is a possibility that both strains 
were collected and no zygospores formed due to relative incompatibility 
of opposite strains. 


E. Sectio Hiemalis 


5. Spanen Dome mee G23-B)....« «5 5505s iccscsiwccecen 8. Mucor subtilissimus 
I I ocd Midinank een eneiise encawadasaarnne ones cohen 2 
2. Spores longer than 4y, twice as long as wide, homothallic species 
9. Mucor genevensis 
Spores longer than 4u, twice as long as wide, heterothallic species 
10. Mucor hiemalis 
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8. Mucor subtilissimus Oudemans, Nederl. Kruidjund. Arch. 3: 435. 
1898. 


Plate 16, figs. 101-103 


This species is characterized by the oil globules in the mycelium 
which are a deeper golden than that of M. hiemalis. It does not form 
zygospores with M. hiemalis. According to Lendner the columellae 
are spherical, and to Zycha, they are conical, cylindrical, or oval. 
Mine were spherical and oval. The spores are the same in all cases 
and are characteristic enough to decide the issue. In Saccardo’s 
Sylloge Fungorum 16: 385, the columellae are given as always spherical. 
Collected by author from soil south of Fayetteville, N. C., Kinston, 
N. C., Richlands, N. C., Chapel Hill, N. C., and Pinehurst, N. C., 
and in soil from Cuba by Dr. W. C. Coker. 


9. Mucor genevensis Lendner, Mucor. Suisse, p. 80. 1908. 


Plate 16, figs. 104-110 


Found by author on decaying Collybia brought into laboratory, 
Chapel Hill, N. C., and also collected from insect feces in rotten log 
near Burgaw, N. C., and soil from Kinston, N. C., Newport, N. C., 
and New Bern, N. C. 


10. Mucor hiemalis Wehmer, Ann. Mycol. 1:39. 1903. 


Plate 16, figs. 111-117 


Collected from soil, east of New Orleans, La., by Dr. J. N. Couch 
and by author near Burgaw, N. C., Kinston, N. C., Newport, N. C., 
Tarboro, N. C., and Williamston, N. C. Common, reported by many 
authors. 


F. Sectio Flavus (adapted from Zycha) 


EE eee ee eye Het a eee eS 2 
sli nna. dc ttca 6 ae Patdiae bea atlas a eek me oon a oe oar aa 4 
RES eee re oe eer nd The ea ee ee eS eC 3 
MOD GUINEA ED) ois ocs cecacccavescccageanes 11. Mucor piriformis 
ee CN To a ica cc eon meats «eevee canteens ap abulesks 12. Mucor flavus 
3. Mycelium not exceeding 5 mm; gemmae present............ 13. Mucor sp. #2 
Mycelium exceeding 10 mm, gemmae absent.............. 14. Mucor strictus 
4. Mycelium white, spores with granulated contents....15. Mucor oblongisporus 
III, 6 orcas Gilda ewe uacmnneeas Bebe EAs 5 bea Caen Sa maces 5 


5. Mycelium rust-colored, soon collapsing, spores plano-convex 
16. Mucor rufescens 

Mycelium rust-colored, not collapsing, spores elliptical to oval 
17. Mucor sp. #1 
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11. Mucor piriformis Fischer, Rabenhorst, Kryptog. Fl. 1: 191. 1892. 
Plate 16, figs. 118-121 


Collected from soil near Mobile, Ala., and in Teneria National Forest, 
State of Guerrero, Mexico, by J. N. Couch, and by author from cow 
dung near Carthage, N. C. Reported by Sumstine (1910) from Penn- 
sylvania. 


12. Mucor flavus Bainier, Bull. Soc. Mycol. France 19: 157. 1903. 
Plate 16, figs. 122-127 


Collected from soil east of New Orleans, La., by Dr. J. N. Couch and 
by author from mule dung near Elizabeth City, N. C., Sunbury, N. C., 
and Conway, N. C. Reported by Waksman (1916) from New Jersey, 
and Gilman and Abbott (1927) from Maine and New York. 


13. Mucor sp. *2 
Plate 16, figs. 128-132 


Mycelium gray to black on B #230 due to black sporangia, less 
than 5 mm high. Vegetative hyphae 8-25y diam., much branched, 
possessing cross walls, gemmae abundant. Sporangiophores 8—40u 
diam., up to 500u high, rarely branched, wall punctate. Sporangia 
spherical, black when mature, 65-200u diam.; wall slightly spiny, break- 
ing open; columellae mostly pyriform, some oval, 25-100 x 23-60,, 
basal collarette present; spores oval or spherical, 5.0-15.0 x 3.0-8.5y, 
smooth, colorless. Zygospores unknown. 

This species differs from M. strictus to which it is nearest in the fol- 
lowing ways. Its mycelium is lower (not exceeding 5 mm), is differ- 
ently colored, and has no distinctive odor. The vegetative hyphae 
possess gemmae and the sporangia are of different color. The colu- 
mellae have a different shape and do not possess the golden color of 
M. strictus. The spores are larger on the average. Collected by author 
from soil near Fayetteville, N. C. 


14. Mucor strictus Hagem, Christiania Vidensk. Selsk. Skr. Math. 
Nat. Kl. 7:18. 1908. 
Plate 16, figs. 133-135 


A culture of this fungus has a menthol-like odor, when grown on 
B #230, which is different from that of either M. flavus, M. piriformis, 
or M. Mucedo. Collected by author from dung near Carthage, N. C. 
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15. Mucor oblongisporus Naumoff, Petersburger Pilze. 1915. 
Plate 16, figs. 136-138 
Collected by author from soil near New Bern, N. C. 


16. Mucor rufescens Fischer, Rabenhorst, Kryptog. Fl. 1: 192. 1892. 
Plate 16, figs. 139-141 


This fungus possesses a characteristic sweetish odor when grown on 
B #230. Collected by author from mule and cow dung near Eliza- 
bethtown, N. C., Chapel Hill, N. C. Reported by Sumstine (1910) 
from New York. 


17. Mucor sp. #1 
Plate 16, figs. 142-144 


Mycelium whitish to golden on B #230, completely filling Petri dish, 
producing odor of alcoholic fermentation. Vegetative hyphae much 
branched, cross walls present, gemmae not observed, containing oil 
globules giving color to mycelium. Sporangiophore 8-20y diam., 1-1.5 
em long, unbranched. Sporangia golden brown, spherical, 50-160 
diam.; wall diffluent, slightly spiny, columellae oval to spherical with 
or without golden contents, smooth, 33-91 x 30-84u; spores smooth, 
elliptical to oval, containing oil globules which give a golden color in 
mass, 8-23 x 6-10yu, mostly 10-16 x 8-10u. Zygospores unknown. 

Differs from M. aromaticus in odor, spore size, size of sporangiophores, 
and from M. oblongisporus in color of mycelium and structure of spores. 
Oil globules possess a coppery hue rather than golden as in M. hiemalis. 
Collected by author from soil near Burgaw, N. C., and Chapel Hill, N.C. 


G. Sectio Mucedo 


18. Mucor Mucedo (Linn., Spec. plant. II: 1655. 1762.) Fresenius, 
Beitr. z. Mykol., p. 7. 1850. 


Plate 17, figs. 145-151 


Collected by author from various kinds of dung frequently, also from 
soil. This species is widely spread in range and frequently encountered. 
Reported many times by other authors. 


VII. Sporodinia Link, Spec. plant. 6, 1: 94. 1824. 


Substrate mycelium highly branched, possessing cross walls. Spo- 
rangiophores dichotomously-branched, sporangia spherical with diffluent 
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wall. Zygospores borne on aerial zygophores, gametangia equal. 
Plants homothallic. Only one species known. 


1. Sporodinia grandis Link, Spec. plant. 6, 1: 94. 1824. 
Plate 17, figs. 152-155 


Collected by author frequently on decaying Agarics around Chapel 
Hill, N. C. Reported by Sumstine (1910) from Maryland, Massa- 
chusetts, New Jersey, Pennsylvania, and Virginia, by Povah (1917) 
from Michigan, and by Bisby (1938) from Canada. 


PILOBOLACEAE 


The substrate mycelium of this family is inconspicuous, being em- 
bedded in the substratum which is usually some type of dung. The 
sporangia are discoid to lenticular, multispored, and possess a heavily 
cutinized wall. Between the base of the columella and the sporangial 
wall, there is a gelatinous ring which imbibes water, and swells, causing 
dehiscence of the sporangium. In the genus Pilobolus, the sporangia 
are forcibly discharged by a highly developed mechanism. The zygo- 
spores are smooth and are formed by two equal tong-like gametangia. 


Key to the genera 


Sporangiophores possessing subsporangial swellings; sporangia forcibly dis- 


I IN Ss fo boinc cu cek ewes Coke ncaceatvaronuey estos I. Pilobolus 
Sporangiophores not possessing subsporangial swellings; sporangia not forcibly 
CO EE TE ee ten ee Ame 


I. Pilobolus Tode, Schr. Naturf. Fr. Berlin 5: 46. 1784. 


Members of this genus are dung-inhabiting fungi. Substrate myce- 
lium ramifying into substrate, forming enlarged bodies, trophocysts, cut 
off from rest of mycelium by septa. Sporangiophores arising from 
trophocysts and possessing at distal end enlarged subsporangial vesicles 
which function in discharge of the terminal sporangia. Sporangia 
hemispherical or discoidal, wall heavily cutinized, columellae mostly 
conical. Zygospores formed by union of equal gametangia, the sus- 
pensors having the aspect of tongs. 


Key to the species (adapted from Zycha) 


1. Spores entirely spherical, 8-l4y, thick-walled................ 1. P. oedipus 
Se I, WC ooo vcc acs rnknessmmaee samosas 2. P. longipes 
Spores elliptical................ , Keak dink aah wind Cade aaa or 

ee I CIN 6 cares ay caienveisdedordevenneedacceues 3. P. umbonatus 
ccs ace nw awe kee neem easeten send eedalhy en cemes 3 

3. Spores 5-10u.............. AE Aen los ai emate ak 4. P. crystallinus 


III Oslo only araastca hua R arene hasta deaths cea tnecest eeues 5. P. Kleinii 
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1. Pilobolus oedipus Montagne, Mem. Soc. Linn. Lyon, p. 1826. 
Plate 13, figs. 27-29 
Found on mule and cow dung many times in North Carolina by 


author, and reported by many authors from the eastern and mid- 
western states and Canada. 


2. Pilobolus longipes van Tieghem, Ann. Sci. Nat. 6 sér. 4: 338. 1876. 
Plate 13, figs. 30-32 

Collected from mule and cow dung in Louisiana and Alabama by 

J. N. Couch and in North Carolina by the author. Reported by 

Sumstine (1910) from Pennsylvania and New York, by Povah (1917) 

in Michigan, and by both Buller (1934) and Bisby (1938) from Canada. 


3. Pilobolus umbonatus Buller, Res. on Fungi 6: 178. 1934. 
Plate 14, figs. 33-35 


Found by author on mule dung collected near Farmville, N. C. 
First reported by Buller (1934) from Canada. 


4. Pilobolus crystallinus (Wiggers) Tode, Schr. Natfo. Fr. Berlin 5: 
96. 1784. 


Plate 14, figs. 36, 37 


Found frequently on cow dung collected in North Carolina by the 
author, in Mississippi by J. N. Couch for the author. Reported by 
Sumstine (1910) from Pennsylvania and New York, Povah (1917) 
from Michigan, Pound (1894) from Nebraska, and Bisby (1938) from 
Canada. 


5. Pilobolus Kleinii van Tieghem, Ann. Sci. Nat. 6 sér. 4: 337. 1876. 
Plate 14, figs. 38-40 


Found very common on cow, sheep, and mule dung collected in 
North Carolina by author. Reported by Sumstine (1910) from Penn- 
sylvania and by both Buller (1934) and Bisby (1938) from Canada. 


II. Pilaira van Tieghem, Ann. Sci. Nat. 6 sér. 1:51. 1875. 


Mycelium similar to Pilobolus, sporangiophores not possessing sub- 
sporangial vesicle, and not shot away at maturity. Sporangia spherical 
or globose, wall heavily cutinized, columellae depressed oval or globose. 
Zygospores formed between tong-like suspensors which tend to twine 
about each other as in Pilobolus. 
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1. Pilaira anomala (Cesati) Schréter, Kryptog. Fl. Schles. 1: 211. 
1886. 


Plate 14, figs. 41-44 


Found by author on both cow and mule dung collected near Troy, 
N. C., Fayetteville, N. C., and New Bern, N.C. Reported by Sumstine 
(1910) from Pennsylvania, and Bisby (1938) from Canada. 


THAMIDIACEAE 


The substrate mycelium of this family is very similar to that of the 
Mucoraceae, except in the case of Chaetocladium, which parasitizes 
other Mucorales, being attached to the hyphae of the latter by haustoria. 
The aerial mycelium is composed of a long, single or weakly branched 
sporangiophore which terminates in a Mucor-like sporangium or a 
sterile hypha. It has forked lateral branches which are generally 
verticillate in arrangement and bear sporangiola. These sporangiola 
may have the spore number reduced to one, in which case they function 
as conidia. The sporangial wall has been demonstrated, however, on 
germination. The zygospores are of the same type as those present in 
the Mucoraceae. 


Key to the genera (adapted from Zycha) 


1. Sporangiola one-spored, terminal sporangium lacking...... I. Chaetocladium 
II ET TO ERT eT Tee here eee ree 2 
2. Lateral branches ending in sporangiola.................... Il. Helicostylum 
Lateral branches ending in sterile hyphae, sporangiola arranged verticillately 
hy CIN as ian Kciacwe ceo eesuntews vase cosy canes III. Chaetostylum 


I. Chaetocladium Fresenius, Beitr. z. Mycol., p. 97. 1863. 

Parasitic on other members of the Mucorales. Mycelium much 
branched, at point of attachment to host many vesicular outgrowths 
formed, hyphae terminating in long, sterile spines which have sub- 
terminal swellings bearing many one-spored sporangiola or “conidia.” 
Zygospores formed as in Mucor. 


1. Chaetocladium Brefeldii var. macrosporum Burgeff, Zeitschr. f. 
Bot. 12:2. 1920. 
Plate 17, figs. 156, 157 


This “‘parasite” had been isolated and cultured saprophytically on 
agar by the author for the first time as far as was ascertainable. Col- 
lected as a parasite on Mucor Mucedo and Helicostylum piriforme 
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many times from North Carolina by the author, and from Mexico by 
J. N. Couch. Reported by Povah (1917) from Michigan, Pound 
(1894) from Nebraska, and Bisby (1938) from Canada. 


II. Helicostylum Corda, Icon. Fung. 5: 18, 55. 1842. 

Sporangiophores upright, terminating in Mucor-like sporangia, or 
sterile hyphae. Sporangiola borne verticillately on lateral, circinate 
branches arising directly from an enlargement of the sporangiophore. 
Zygospores formed as in Mucor. 


1. Helicostylum piriforme Bainier, Bull. Soc. Bot. France 27: 226. 
1880. 


Plate 17, figs. 158-162 


Collected by author frequently on mule and cow dung in North 
Carolina. Reported by Povah (1917) from Michigan. 


III. Chaetostylum van Tieghem et Le Monnier, Ann. Sci. Nat. 5 sér, 
17: 328. 1873. 


Sporangiophores upright, terminating in Mucor-like sporangia or 
sterile hyphae. Lateral branches arising from swollen portion of main 
sporangiophore, and bearing sporangiola verticillately on similar swel- 
lings of lateral branches which terminate in sterile hyphae. 


1. Chaetostylum Fresenii van Tieghem et Le Monnier, Ann. Sci. Nat. 
5 sér. 17: 328. 1873. 


Plate 17, figs. 163, 164 


Collected by the author on dog dung, Chapel Hill, N. C. Reported 
by Sumstine (1910) from Pennsylvania, and by Bisby (1938) from 
Canada. 


CHOANEPHORACEAE 


The substrate mycelium is similar to that of all the preceding families. 
Two types of asexual reproduction are present. The first is by means of 
Mucor-like sporangia which are present in two of the genera, and the 
second is by means of sporangiola which are found im all genera. The 
sporangiola are borne on special fruiting hyphae and many be several- 
spored or reduced to one spore, in which case they are termed conidia. 
Sexual reproduction is much as in Mucor, but in some genera the sus- 
pensors are elongated and spiral about each other. 
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Key to the genera (adapted from Zycha) 


1. Spores with fine longitudinal striations..............................02000- 2 
Spores without longitudinal striations. ... ppdsh caasihonowkscteweneenidhe 3 
2. Sporangia and sporangiola present..........................04- I. Blakeslea 
Sporangia and conidia present......................2eeeee- II. Choanephora 
3. Only conidia present, conidiophore branched.......... III. Cunninghamella 


I. Blakeslea Thaxter, Bot. Gaz. 58: 353. 1914. 


Sporangia and sporangiola present, conidia absent. Sporangia borne 
on unbranched sporangiophores, possessing columellae and being multi- 
spored. Sporangiola borne on terminal vesicles of fruiting hyphae, 
without columellae, three- to several-spored, shed entire. Spores 
longitudinally striated, possessing terminal, hair-like appendages, same 
in both sporangia and sporangiola, being slightly larger in the latter. 
Gemmae present. Zygospores smooth, formed between tong-like, 
twining suspensors. 


1. Blakeslea trispora Thaxter, Bot. Gaz. 58: 353. 1914. 
Plate 17, figs. 165-169 


Collected by the author with Entomophthora sp. on flies from campus 
of University of North Carolina, Chapel Hill, N. C. Other strain 
found on Liriodendron tulipifera leaves, Chapel Hill. Both strains 
were also collected from soil on Louisiana State University campus, 
Baton Rouge, La., by J. N. Couch. First described from Florida by 
Thaxter (1914) and later by Weber and Wolf (1927). 


II. Choanephora Currey, Journ. Linn. Soc. Bot. 13: 578. 1873. 


Sporangia and conidia present, sporangiola absent. Sporangia borne 
on unbranched sporangiophores, possessing columellae. Sporangial 
spores are smooth or striated (depending upon the species) and possess 
terminal, hairlike appendages. Conidia longitudinally striated, or 
smooth (depending upon species), without appendages, borne on sec- 
ondary vesicles developing from primary vesicles. Zygospores similar 
to those of Blakeslea. 


1. Choanephora cucurbitarum (Berk. & Rav.) Thaxter, Rhodora 5: 
97. 1903. 
Plate 18, figs. 170-175 
Collected by the author from eggplant flowers and fruit in garden 
at Chapel Hill, N. C. Reported by Thaxter (1903) from New York, 
Ohio, and Massachusetts, and by Wolf (1917) from North Carolina. 
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III. Cunninghamella Matruchot, Ann. Mycol. 1:45. 1903. 


Sporangia absent, conidia present. Fruiting hyphae arising from 
vegetative mycelium, branched, terminating in vesicle over surface of 
which many spiny conidia are borne on sterigmata. Zygospores rough, 
suspensors equal. Known plants heterothallic. 


Key to the species 


Conidia with long attenuated spines, mycelium brownish...... 1. C. echinulata 
Conidia with short, small spines, mycelium grayish.............. 2. C. elegans 


1. Cunninghamella echinulata (Matruchot) Thaxter, Rhodora 5: 98. 
1903. 


Plate 18, figs. 176-177 


Collected in soil from Cuba by Dr. W. C. Coker, Monetta, S. C., by 
Miss Gwendolyn Burton, Baton Rouge, La., and New Orleans, La., by 
J. N. Couch, and Burgaw, N. C., by the author. Reported from 
Massachusetts by Thaxter (1891) and Blakeslee. 


2. Cunninghamella elegans Lendner, Muc. Suisse, p. 159. 1908. 
Plate 18, figs. 178, 179 


Collected from soil frequently in North and South Carolina by the 
author. Reported by Povah (1917) from Michigan, Swift (1929) from 
Illinois, and Bisby (1938) from Canada. 


CEPHALIDACEAE 


The substrate mycelium is reduced to haustoria and small vegetative 
hyphae, for most species are parasitic on other Mucorales. The fruiting 
hyphae are either branched or simple, and terminal vesicles are present 
or absent according to the genus, but in all species specialized “‘basal 
cells’ terminate the fertile hyphae. Each basal cell bears one or more 
linear sporangia in which the spores are arranged in a row, giving them, 
upon dissolution of the sporangial wall, the appearance of conidia. The 
zygospore is produced externally to the fusion cell, and not in the fusion 
cell or either of the gametangia. There are no enveloping hyphae 
present around the zygospore. 


Key to the genera 


Basal cells single on end of dichotomously branched fruiting hyphae 
I. Piptocephalis 


Basal cells numerous on terminal vesicles....................... II. Syncephalis 
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I. Piptocephalis de Bary, Abh. Senckenb. Natf. Ges. 5: 356. 1865. 

Parasitic on other Mucorales, attached to host by minute haustoria 
arising from vegetative hyphae. Fruiting hyphae ridged, possessing 
cross walls, branched dichotomously; single basal cells borne on termina- 
tions of branches, each basal cell bearing several linear sporangia con- 
taining 1-8 spores. Zygospores formed by bud from fusion cell produced 
by tong-like gametangia. 


Key to the species 


Spores cylindrical, basal cell in form of cross....................... 1. P. cruciata 
Spores cylindrical, basal cell not in form of crogs.............. 2. P. Freseniana 


1. Piptocephalis cruciata van Tieghem, Ann. Sci. Nat. 6 sér. 1: 149. 
1875. 
Plate 18, figs. 180-184 


Found by author on Mucor sp. collected on mule and cow dung near 
Smithfield, N. C., Jacksonville, N. C., Germantown, N. C., and High- 
towers, N. C. 


2. Piptocephalis Freseniana de Bary, Abh. Senckenb. Natf. Ges. 5: 
356. 1865. 
Plate 18, figs. 185-188 


Found by author parasitic on other Mucorales growing on mule and 
cow dung; very common. Reported by Farlow (1878) from Massa- 
chusetts, and by Bisby (1938) from Canada. 


Il. Syncephalis van Tieghem et Le Monnier, Ann. Sci. Nat. 5 sér. 17: 
372. 1873. 


Substrate mycelium as in Piptocephalis. Fruiting hyphae simple, 
rarely branched, upright, attached by strong rhizoids, terminating in 
vesicles. Vesicles bearing ‘‘basal cells’ over their surface, each basal 
cell in turn bearing 1-12 linear sporangia, each containing 2-12 spores 
which have appearance of conidia upon dissolution of sporangial wall. 
Zygospores formed as a bud from female gametangium, progametangia 
coiling about each other. 


Key to the species (adapted from Zycha) 


1. Basal cells with one linear sporangium................... 6. cee e eee e eens 2 
as Ge Gs Oe I I oo iis oe ccevceccnceendessnteneseriononton + 
Basal colle with 3-19 Tmear GHGTAMGAM. «5... 5. ince icicccccccccvescssevenes 5 

2. Fruiting hyphae erect, spores 8-llu long.................... 1. S. sphaerica 


re CR Ie o-iic coc cee Hoss censieenss eed enseedNeee eee 3 
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3. Fruiting hyphae expanded beneath terminal vesicle, spores 10-12y long 
2. S. cornu 
Fruiting hyphae not expanded, spores 6-8 long.............. 3. S. reflera 
4. Linear sporangia with 2-4 spores, fruiting hyphae 0.6-1.0 mm high 
4. S. asymmetrica 
Linear sporangia with 5-12 spores, fruiting hyphae 0.7-5.0 mm high 
5. S. cordata 


5. Fruiting hyphae less than 100u high........................ 6. S. minima 
Fruiting hyphae 100-350n high, with swollen nodes.......... 7. S. nodosa 
Fruiting hyphae 400-1000u high............................. 8. S. depressa 


1. Syncephalis sphaerica van Tieghem, Ann. Sci. Nat. 6 sér. 1: 125. 
1875. 


Plate 18, figs. 189-190 


Found parasitic on Helicostylum piriforme growing on dung col- 
lected by the author near Jacksonville, N. C., Oxford, N. C., and 
Hightowers, N. C. Reported by Farlow (1878) from Massachusetts. 


2. Syncephalis cornu van Tieghem et Le Monnier, Ann. Sci. Nat. 
5 sér. 17: 376. 1873. 
Plate 18, fig. 191 


Found parasitic on Mucor sp. collected by the author near Coinjock, 
N. C., Winton, N. C., and Boone, N. C. Reported by Povah (1917) 
from Michigan and Thaxter (1897) from New England. 


3. Syncephalis reflexa van Tieghem, Ann. Sci. Nat. 6 sér. 1: 134. 
1875. 
Plate 18, figs. 192, 193 
Collected by author growing on Mucor sp. found on cow dung near 
Carthage, N. C., and Albemarle, N. C. 
4. Syncephalis asymmetrica van Tieghem et Le Monnier, Ann. Sci. 
Nat. 5 sér. 17: 375. 1873. 
Plate 19, figs. 194, 195 
Collected by author on Mucor sp. from cow dung near Albemarle, 


N. C., New Bern, N. C., and Coinjock, N. C. 


5. Syncephalis cordata van Tieghem et Le Monnier, Ann. Sci. Nat. 
5 sér. 17: 374. 1873. 
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Plate 19, figs. 196-198 


Found growing parasitic on discharged sporangia of Pilobolus crystal- 
linus collected from cow dung near Henderson, N. C., by the author. 
Reported by Thaxter (1897) from United States, and by Bisby (1938) 
from Canada. 


6. Syncephalis minima van Tieghem et Le Monnier, Ann. Sci. Nat. 
5 sér. 17: 376. 1873. 


Plate 19, fig. 199 


Parasitic on Mucor sp. collected by the author on mule dung near 
Jacksonville, N. C. 


7. Syncephalis nodosa van Tieghem, Ann. Sci. Nat. 6 sér.1:131. 1875. 
Plate 19, figs. 200, 201 


Found on S. sphaerica and Helicostylum piriforme collected on dung 
near Jacksonville, N. C., Coinjock, N. C., Roanoke Rapids, N. C., 
Boone, N. C., and Germantown, N. C. Reported by Thaxter (1897) 
from United States and by Bisby (1938) from Canada. 


8. Syncephalis depressa van Tieghem et Le Monnier, Ann. Sci. Nat. 5 
sér. 17: 375. 1873. 


Plate 19, figs. 202-204 


Rhizoids 2-8u, branched, possessing cross walls. Fertile hyphae 
400-1000 high, 13-20u% diam. at base, 7-10u diam. below vesicle. 
Vesicle 25-40u diam., oval, 12-15 protuberances in circle about apex. 
Each protuberance supporting an irregular basal cell with 2-5 linear 
sporangia. Each sporangium containing up to 12 cylindrical, smooth, 
colorless spores, 5-7 x 2-34. Zygospores spherical, 30-35 diam., 
brownish, spiny exospore. 

In the above species the zygospores are reported for the first time. 
Parasitic on Mucor sp. coliected by author on mule and cow dung near 
Jacksonville, N. C., Mapleton, N. C., Winton, N. C., Oxford, N. C., 
Germantown, N. C., and from soil near Lenoir, N. C. Reported by 
Thaxter (1897) from the United States. 


MORTIERELLACEAE 


In this family the mycelium is procumbent, not aerial as in the 
Mucoraceae. The substrate portion is very similar to that of the 
Mucoraceae, but the hyphae may anastomose. The fruiting hyphae 
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are erect, simple or branched and bear sporangia, sporangiola, or 
stylospores. The sporangia are small, multispored, and do not possess 
columellae. The zygospores are formed by fusion of the gametangia 
and are contained in the fusion cell at maturity. Enveloping hyphae 
arise from below the gametangia and completely enclose the mature 
zygote. 


I. Mortierella Coemans, Bull. Acad. Roy. Belg. 2 sér. 15: 536. 1863. 


Sporangiophores simple or branched, tapering to apex. Multispored 
sporangia present, columellae absent. Stylospores present, spiny, 
spherical, occurring singly. Zygospores enclosed in hyphal envelope at 
maturity. 


1. Mortierella pusilla Oudemans, Arch. Néerl. Sci. Nat. II, 7: 876. 
1902. 


Plate 19, figs. 205-207 


This fungus was first isolated by Dr. Couch at Chapel Hill, N. C., 
and turned over to the author. It has a great resemblance to Mucor 
Ramannianus in its growth and appearance, except for color. Collected 
by author from soil near Fayetteville, N. C., Goldsboro, N. C., Kinston, 
N. C., and Newport, N. C. 


SUMMARY 


1. In a preliminary survey of the Mucorales of the southeastern 
United States, 403 collections of soil and dung were made and 529 indi- 
vidual fungi identified. 

2. Fifty-three species included in eighteen genera were identified. 
Fifty species are reported from the southeastern United States for the 
first time, and sixteen species, two of which are new, are reported for 
the first time from the United States. It is significant that in such a 
large number of individuals, so few new species were found. 

3. Chaetocladium Brefeldii var. macrosporum, reported heretofore 
only as a parasite, has been cultured saprophytically on B #230 agar. 

4. Zygospores are reported in the following heterothallic forms: 
Phycomyces microsporus, Mucor hiemalis, Mucor Mucedo, Blakeslea 
trispora, and Syncephalis depressa. 

5. The following homothallic forms were collected: Zygorhynchus 
Vuillemini, Zygorhynchus Vuillemini var. albus nov. var., Mucor 
genevensis, and Sporodinia grandis. 
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6. Both strains of Phycomyces microsporus were isolated. The only 
previous report of this species is the original by van Tieghem in which 
the zygosporic description is based on only one zygospore. 

7. The zygospores of Syncephalis depressa are reported for the first 
time. They possess a spiny exospore and are typical for the genus. 

8. A new, white variety of Zygorhynchus Vuillemini is reported. 
It is identical with the type species in asexual characters, but the 
mature zygospores are hyaline and just slightly warty. As the mycelial 
color is due to the color of the zygospores, it is white and not dark 
gray as usual. 
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EXPLANATION OF PLATES 
PLaTE 13 
Absidia Lichtheimi 


Fig. 1-3. Portion of sporangiophores to show columellae and apophyses. X 190. 
4. Young sporangium containing spores. X 190. 
5. Spores. X 685. 


Absidia cylindrospora 
6. Mature sporangium. X 685. 


7. Columella showing apical spine, apophysis, and collarette. X 685. 
8. Spores. X 685. 


Absidia glauca 


9. Mature sporangium. X 367. 
10, 11. Columellae showing cross wall below apophyses, collarette, short apical 
spine in #11. X 367. 
12, Spores. X 685. 


Absidia Orchidis 
13. Mature sporangium. X 367. 
14, 15. Columellae showing cross wall below apophyses, distinct apical spine. 
X 367. 
16. Spores. X 950. 


Rhizopus arrhizus 


17, 18, Sporangiophores showing type of branching, columellae, and rhizoids. 
xX 190. 
19. Mature sporangium. X 190. 
20. Spores showing ridges. X 950. 
Rhizopus nigricans 
21. Mature sporangium. X 87. 
22. Columella showing apophysis just after shedding of spores. X 190. 
23. Columella showing typical collapsed condition. x 190. 
24. Base of three sporangiophores showing stolons and rhizoids. X 87. 
25. Detail of sporangial wall to show spines. X 950. 
26. Spores to show markings.  X 685. 


Pilobolus oedipus 


27. Sporangium with subsporangial vesicle. X 47. 
28. Ovoid trophocyst showing rhizoids. X 47. 
29. Spores showing thick walls. X 367. 


Pilobolus longipes 


30. Sporangium with subsporangial vesicle. X 20. 
31. Elongated trophocyst with base of sporangiophore. X 37. 
32. Spores. X 367. 











360 


34. 
. Spores. X 550. 


36. 


37. 


41. 
42, 43. 


44. 
45. 
. Young sporangium. X 190. 


47-49. 
. Spores. X 550. 


60-62. 
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PLaTE 14 
Pilobolus umbonatus 


. Sporangium showing umbonate projection and _  subsporangial 


vesicle. XX 87. 
Ovoid trophocyst showing rhizoids. X 87. 


Pilobolus crystallinus 


Drawing of plant to show trophocyst, sporangiophore, subsporangial 
vesicle, and sporangium. X 47. 
Spores. X 685. 


Pilobolus Kleinii 


. Sporangium with subsporangial vesicle. X 87. 
39. 
40. 


Trophocyst to show shape. X 87. 
Spores. X 685. 
Pilaira anomala 


Mature sporangium showing gelatinous ring. X 87. 

Columella and sporangium separated from each other to show details 
of gelatinous ring. X 134. 

Spores. XX 550. 


Circinella nigra 


Sketch to show branching of sporangiophore. X 47. 


Columellae to show different types, and basal collarettes. X 190. 


Circinella umbellata 


. Sketch to show branching of sporangiophore.  X 47. 

. Sporangiophore showing sporangia. X 87. 

. Columellae, one smooth, other possessing spines. X 190. 
. Spores. X 550. 


Phycomyces microsporus 


. Mature sporangium. xX 47. 
. Columellae. X 47. 
. Spores. X 367. 


PuaTE 15 
Phycomyces microsporus (cont.) 


Three stages in zygospore formation showing progametangia (60), 
gametangia (61), suspensors with appendages and mature zygospore 
(62). X 87. 
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Zygorhynchus Vuillemini 


. Mature sporangium. X 367. 

. Columella with spores. X 367. 

. Spores. X 550. 

. Early stage in zygospore formation—progametangia. X 367. 
. Formation of gametangia. X 367. 

. Young zygospore. X 367. 

. Mature zygospore. X 367. 


Mucor spinosus 


. Lateral sporangium showing spiny wall. X 367. 
71, 72. 
. Spores showing thick wall. x 550. 


Columellae showing variation in size and apical spines. X 367. 


Mucor dispersus 


. Sporangium. X 134. 
. Lateral branch to show sporangiola borne on circinate secondary 


branches. X 134. 


. Sporangiolum showing spiny wall, and containing one spore. X 367. 
. Sporangiolum possessing four spores. X 550. 

. Columella of sporangium. X 367. 

. Spores showing thick wall. X 550. 


Mucor petrinsularis 


80. Immature sporangium. X 190. 


& 


BR LB 


93. 
. Gemma (found numerously in sporangiophore). X 550. 
95. 


. Columella of terminal sporangium and formation of two more sporangia 


below it. X 190. 


. Spores. X 550. 


Mucor lamprosporus 


. Young sporangium. X 190. 
. Sporangiola and portion of sporangiophore to show method of branch- 


ing. X 190. 


. Columella showing remnants of wall at base. X 367. 
. Spores. X 550. 


Mucor Ramannianus 


. Optical section of sporangium to show columella and spores. X 685. 
. Columellae. X 685. 

. Gemma. X 685. 

. Spores. X 950. 


Mucor racemosus 


. Sporangium after shedding of spores to show columella and basal 


collarette. X 367. 
Sporangia borne on lateral branches of sporangiophore. X 190. 


Spores. X 685. 
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Mucor fragilis 


96. Sporangiophore bearing one sporangium and two columellae to show 
method of branching. X 87. 
97. Lateral sporangium. X 87. 
98, 99. Columellae. X 367. 
100. Spores. X 685. 


PuaTeE 16 
Mucor subtilissimus 


101. Mature sporangium. X 367. 

102. Columella with portion of sporangiophore to show rough wall of latter. 
X 367. 

103. Spores. X 950. 


Mucor genevensis 


104. Mature sporangium. X 367. 

105. Columella showing basal collarette. X 367. 

106. Gemma found in vegetative mycelium. X 685. 

107. Spores. XX 685. 

108. Early stage in zygospore formation showing gametangia. X 367. 
109. Young zygospore with suspensors. XX 367. 

110. Mature zygospore showing warty exospore. X 367. 


Mucor hiemalis 


111. Immature sporangium. X 367. 
112, 113. Columellae. X 367. 
114, Spores. X 950. 
115. Early stage of zygospore formation showing gametangia. X 367. 
116. Optical section of very young zygospore showing thickening of wall. 
X 367. 
117. Mature zygospore showing spiny exospore. X 367. 


Mucor piriformis 


118. Sporangium to show rough wall of sporangiophore. X 190. 
119, 120. Columellae. X 190. 
121. Spores. X 685. 


Mucor flavus 


122. Young sporangium with spherical columella. X 87. 

123. Mature sporangium. X 87. 

124. Typical shape of columella. X 87. 

125. Portion of wall to show spiny character. X 367. 

126. Portion of vegetative hyphae to show origin of sporangiophore and its 
method of branching. X 87. 

127. Spores. X 550. 
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129, 


128. 
. Columellae showing basal collarette. X 367. 
131. 
132. 


133. 
. Columella and sporangiophore to show punctations. X 134. 


135. 


136. 
137. 
138. 


139. 
140. 
141. 


142. 
143. 
144. 


145. 


146. 
147. 


148. 
149. 


150. 
151. 


152. 


153. 
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Mucor sp. #2 
Mature sporangium. X 134. 


Gemmae found in substrate mycelium. X 367. 
Spores. X 550. 


Mucor strictus 


Mature sporangium. X 134. 
Spores. X 550. 


Mucor oblongisporus 


Mature sporangium. X 190. 
Columella. X 190. 
Spores to show variation in size and contents of oil globules. X 550. 


Mucor rufescens 


Mature sporangium.  X 190. 
Columella to show contents of oil globules. X 367. 
Spores showing plano-convex shape. X 550. 


Mucor sp. #1 
Mature sporangium. X 190. 
Columella in optical section to show thick wall and oil globules. X 190. 
Spores showing oil globules. X 367. 


PuaTE 17 
Mucor Mucedo 


Short sporangiophore, bearing three sporangia, to show method of 
branching. X 87. 

Columella and basal collarette. X 190. 

Columella and collarette in optical section to show spiny nature of 
sporangial wall. Xx 190. 

Spores. X 367. 

Early stage in zygospore formation demonstrating progame- 
tangia. X 87. 

Gametangia and suspensors. X 87. 

Mature zygospores and suspensors. X 87. 


Sporodinia grandis 


Sporangiophore bearing young sporangia to show method of branching. 


X 87. 
Columella showing uneven surface. X 190. 


. Spores. X 190. 
155. 


Mature zygospores with suspensors. X 87. 





364 JOURNAL OF THE MITCHELL SoOcIETY [December 


Chaetocladium Brefeldii var. macrosporum 


156. Lateral branch of fruiting hypha to show position of conidia and 
terminal sterile spines. X 190. 
157. Conidia. XX 785. 


Helicostylum piriforme 


158. Terminal Mucor-like sporangium. X 190. 

159. Columella of terminal sporangium. X 367. 

160. Portion of sporangiophore showing arrangement of circinate sporan- 
giola. X 190. 

161. Sporangiolum containing spores. X 550. 

162. Spores. X 685. 


Chaeiostylum Fresenii 


163. Portion of sporangiophore showing method of branching and lateral 
whorl of sporangiola. Note terminal sterile hypha. X 367. 
164. Spores. X 550. 


Blakeslea trispora 


165. Sporangium borne circinately. X 367. 

166. Sporangioliferous hypha bearing two vesicles showing attachment of 
sporangiola. X 367. 

167. Spores with terminal appendages. XX 550. 

168. Gemma. X 367. 

169. Zygospore and suspensors. X 367. 


PLaTE 18 
Choanephora cucurbitarum 


170. Sporangium borne circinately. XX 330. 

171. Columella showing basal collarette. XX 330. 

172. Spores showing terminal appendages. XX 330. 

173. Conidiophore showing point of origin of lateral branches. X 330. 

174. Conidiophore showing lateral branches with portion of two secondary 
vesicles. X 330. 

175. Conidia with terminal hyaline appendage and longitudinal striations. 
X 330. 


Cunninghamella echinulata 


176. Conidiophore showing method of branching and terminal vesicles. 
x 190. 
177. Conidia showing long spines. X 685. 


Cunninghamella elegans 


178. Conidiophore showing type of branching and terminal vesicles. X 367. 
179. Conidia showing small spines. X 685. 
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180 


181-183 
184 


185. 


187. 


188. 


189. 
190. 


191. 


192. 


193. 


194. 


195. 


196. 


197. 


198. 


199. 


200. 


201. 
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Piptocephalis cruciata 


. Fruiting hypha showing method of branching and bearing one basal 
cell. X 190. 
. Various views of basal cells showing cross-like structure. X 550. 


. Spores. X 550. 
Piptocephalis Freseniana 


Fruiting hypha showing method of branching. X 87. 

. Basal cell bearing intact linear sporangia. X 550. m 
Basal cell bearing only basal spore of linear sporangia, the rest 
having been broken off. X 367. 

Spores. XX 685. 


Syncephalis sphaerica 
Fruiting hypha showing rhizoids and terminal vesicle. X 134. 
Terminal vesicle with spores in linear sporangia. XX 550. 
Syncephalis cornu 
Circinate fruiting hypha swollen below terminal vesicle bearing spores. 
X 550. 
Syncephalis reflexa 


Circinate fruiting hypha terminating in vesicle bearing basal spores of 
linear sporangia, the remainder having been broken off. X 367. 
Spores. X 685. 


PLATE 19 
Syncephalis asymmetrica 
Fruiting hypha showing rhizoids and linear sporangia borne on terminal 


vesicle. X 87. 
Basal cell showing attachment to vesicle and basal spores of two linear 


sporangia. X 367. 
Syncephalis cordata 


Fruiting hypha attached by rhizoids to sporangium of Pilobolus and 
terminating in vesicle. X 87. 

Basal cell and linear sporangia, a few spores broken off. X 550. 

Basal cells showing attachment to vesicle. X 367. 


Syncephalis minima 
Plant showing rhizoids, fruiting hypha, and terminal vesicle bearing 
young linear sporangia on basal cells. X 367. 

Syncephalis nodosa 


Plant showing rhizoids, fruiting hypha with nodes, and vesicle bearing 
basal cells on protuberances. X 550. 
Spores. XX 950. 
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202. 
203. 


204. 


205. 
206. 


207. 


208. 
209. 
210. 
212. 
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Syncephalis depressa 
Plant showing rhizoids, fruiting hypha, and terminal vesicle. X 87. 
Terminal vesicle showing type of basal cell and arrangement of sporan- 
gia. Note seven papillae on which other basal cells were borne. X 550. 
Zygospore showing spiny exospore and vesicular outgrowth on one 
suspensor. XX 550. 
Mortierella pusilla 

Mature sporangium. X 550. 
Sporangiophore to show absence of columella. X 550. 
Spores. X 950. 

Zygorhynchus Vuillemini var. albus 
Mature sporangium. X 367. 
Columella and part of sporangiophore. X 367. 
Spores. X 550. 
Zygospores showing oil globules, slightly warty wall, and unequal 
female suspensors. X 550, 
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THE VIOLETS OF ALACHUA COUNTY, FLORIDA 
By WwiuiaM A. MurRILu 


The genus Viola contains about 300 species, widely distributed. In 
North America, north of Mexico, there are about 80 recognized species. 
All of these are herbaceous, but a few in the Andes are shrubby. Two 
kinds of flowers are produced in most of the violets, petaliferous and 
cleistogamous. The latter, in which the petals are rudimentary or 
wanting, usually develop later and are hidden about the base of the 
plant. The fruit is a firm capsule which splits open and shoots the 
seeds, a few at a time, several feet away. Branching rootstocks, and 
in some cases runners, enable the plants to cover small areas but wider 
distribution is effected by the seeds, which float in water and may be 
carried long distances in this way. 

The violets in Alachua County bloom chiefly during February and 
March. Later in the season the cleistogamous flowers and the fruiting 
capsules may be found. Hybrid violets are reported in large numbers 
by both European and North American students but in this section they 
appear to be of little or no importance. For the analyses of various 
soil samples taken where our species of violets grow I am indebted to the 
Department of Soils of this Station. 


KEY TO ALACHUA SPECIES 


Flowers blue, purple or violet. 
Leaves never lobed. 


Se SE I vc snced ae eWeaunndenacdenan 1. V. Waltert 
Plants acaulescent. 
CO NE BE GRIND... 5.05 5 inne coc censcivsnvsccaeness 2. V. villosa 
Capsules purplish at maturity. 
I oid. od owe Sibcek munca ruse kama scien 3. V. sororia 
I I I 20 ib oorgiackanes AAG einweees eee 4. V. floridana 
Leaves lobed at vernal flowering. 
ee 5. V. septemloba 
Capsules purplish at maturity. 
Growing in low aot] ly SITCOMS. «2... ..n.6 66. ccc ccccesess 6. V. esculenta 
Growing in dry soil in high hammocks.................... 7. V. triloba 
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Flowers white. 


Leaves broad, OWNt0 OF GIDGEC. .... oo... cic ccccccccecescess 8. V. primulifolia 
Leaves long and narrow. 
Leaves lanceolate, 7-15em. long.......................e00:: 9. V. lanceolata 
Leaves ribbon-like, 10-30 x 0.4-1 em..................000-000- 10. V. vittata 


ANNOTATED LIST OF ALACHUA SPECIES 
1. V. Waltert House. Mottled-leaved Violet 


Leaves rounded or heart-shaped, small, mottled with darker green; 
flowers small, pale, violet-blue, on short stalks. Blooming in ham- 
mocks in February and March. Very common but too small to be 
picked with satisfaction. It ranges from dry to moist soil, with pH 
about 6.50. 


2. V. villosa Walt. Rosette Violet 


Leaves ovate to subcircular, obtuse, crenate; flowers pale-violet, 
appearing in February and March; mature capsules green. Frequent 
in rather dry oak woods, the leaves forming a flat rosette. Grows in 
drier soil than any other local violet, with the pH about 5.55. 


3. V. sororia Willd. Hairy Blue Violet 


Leaves large, heart-shaped, hairy below when young; flowers large, 
violet to lavender, on long stalks. Found in abundance near the bot- 
tom of the Devil’s Millhopper, where it begins to bloom before Christ- 
mas and flowers abundantly until sometime in March. The seeds are 
paler than in the typical form. The soil in this particular habitat is 
very moist, with a pH of 7.65. A northern species, extending into 
Canada and Minnesota. 


4. V. floridana Brainerd. Florida Violet 


Leaves heart-shaped, later ones larger, not hairy; flowers violet, 
pale-violet or whitish, rather large, on long stalks. Found in abun- 
dance throughout the county in hammocks and moist, rich woodlands; 
sometimes even in open ground where it is low and wet. A favorite 
habitat is the flood-plain of a stream, under or near hardwood trees. 
The soil may be either sandy or calcareous, with the pH averaging about 
6.90. Flowering may begin early in January and extend to the latter 
part of March. The flowers are often large and well colored. 


5. V. septemloba LeConte. Flatwoods Violet 


Leaves variously lobed, sometimes entire; flowers large and usually 
purple, on long stalks. Found in low pinelands, where it blooms freely 
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in February and March. It is associated with either slash pine or long- 
leaf where the soil is low and damp, with a pH of about 5.10. Our most 
beautiful species and recommended for cultivation where the conditions 
are favorable. 


6. V. esculenta Ell. Flood-plain Violet 


Leaves variously lobed during the season of vernal flowering, in 
March; flowers violet, of medium size, marked with dark-purple lines. 
Frequent along streams under or near hardwood trees where the soil is 
damp, with a pH of about 5.75. Elliott said it was eaten by negroes 
in South Carolina. 


7. V. triloba Schw. High-hammock Violet 


Leaves variously lobed, sometimes entire, hairy or glabrous; flowers 
large, deep-violet, on iong stalks. Common in high hammocks, bloom- 
ing in February and March. Easily grown in a shady yard where the 
soil is rather dry, with a pH of about 6.10, and the trees are hardwoods. 


8. V. primulifolia L. Primrose-leaved Violet 
Leaves broad, their stalks usually winged; flowers white, small. 
Rather common from early February to late April in damp soil under 
longleaf or loblolly pine, usually near slash pines, with the pH about 
5.25. 


9. V. lanceolata L. Lance-leaved Violet 
Leaves lance-shaped or sometimes elongate-elliptic, usually quite 
narrow; flowers white, rather small. Common in spring in wet or damp 


open ground, near slash pine or pond cypress, where the pH is about 
5.10. Remaining in flower later than most of our other local violets. 


10. V. vittata Greene. Long-leaved Violet 


Similar to V. lanceolata in flowers, fruits, and habitat, but the later 
leaves are very long, narrow and recurved. 


DISTRIBUTION OF VIOLETS IN FLORIDA 


The state distribution, so far as known to the author, of species 
occurring in Alachua County is indicated below by counties. Those 
who use Small’s “Manual” will note two extensions of range south- 
ward, Viola sororia from North Carolina to Florida and V. triloba from 
Georgia to Florida. 
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V. esculenta. Alachua, Columbia, Duval, Gilchrist, Lafayette, Marion and 
Union. 
. foridana. Alachua, Clay, Columbia, Duval, Flagler, Lafayette, Lee, Levy, 
Manatee, Marion, Orange, Polk and Volusia. 
V. lanceolata. Alachua, Bradford, Clay, Columbia, Lee, Levy, Marion, Polk, 
Suwannee and Union. 
V. primulifolia. Alachua, Bradford, Brevard, Clay, Columbia, Franklin, 
Hardee, Jefferson, Lee, Leon, Manatee, Marion, Orange and Osceola. 
V. septemloba. Alachua, Bradford, Clay, Columbia, Hernando, Lee, Levy, 
Madison, Manatee, Orange, Osceola and Seminole. 
V. sororia. Alachua. 
V. triloba. Alachua, Columbia, Jackson and Madison. 
V. villosa. Alachua, Columbia, Gilchrist, Jackson and Suwannee. 
V. vittata. Alachua, Bradford, Hardee, Lee, Levy, Marion, Orange, Osceola, 
Palm Beach, St. Lucie, Union and Volusia. 
V. Waltert. Alachua, Citrus, Columbia and Hernando. 


<j 


Florida species outside the county are known from the following 
state localities: 


V. chalcosperma. Jacksonville, Duval Co. 
V. palmata. Duval Co. 

V. pedata. ‘‘Northwest Florida.”’ 

V. rugosa. Liberty Co. 


VIOLETS AS ORNAMENTALS 


The ordinary pansy, V. tricolor, has been in cultivation so long that its 
origin is uncertain. The hardier “bedding pansies’’ are hybrids of this 
species with V. cornuta and V. lutea. The common florist’s violets 
have been derived from V. odorata, a fragrant wild species widely dis- 
tributed in Europe and Asia. Our native species are not fragrant. 
Probably the most attractive species we have in the eastern United 
States is V. pedata, but this does not occur in Alachua County. Three 
of our species, V. triloba, V. floridana and V. septemloba, have large 
flowers with long stems. These might be cultivated with success under 
proper conditions. Our local wild violets appear to be comparatively 
free from fungous diseases and insect pests. 


Fria. Acr. Exp. Station, 
GAINESVILLE, Fa. 























THE NEW BUILDING FOR ZOOLOGY, UNIVERSITY OF 
NORTH CAROLINA 


By R. E. Coker 
PLATES 20-22 aNnp 4 Text FIGURES 


The new Zoology Building at the University of North Carolina was 
completed and occupied in the spring of 1940. This building, approxi- 
mately 145 by 55 feet, with three complete floors and a basement, 
occupies a commanding position on a knoll at the intersection of two 
highways. With ample grounds of pleasing appearance, it is backed 
by a forest lying between it and the New Medical Building to the 
south. The building, with long axis approximately east and west, 
faces north, looking toward (from east to west) the Library, Venable 
Hall (Chemistry), the University’s Carolina Inn, and the Medical Dor- 
mitory. 


BASEMENT 


The basement comprises two undergraduate laboratories, each for 
24 students, an associated preparation room, room for a special constant 
temperature apparatus, “cold room” of two compartments, dark room 
for photographic work, machinery room with compressor for refrigera- 
tion and an air pump, 4 storerooms, shop, animal room with connected 
preparation room, culture room, and vivarium. The latter, approxi- 
mately 14 by 50 feet, attached to the building at the rear, is divided into 
two parts: the vivarium proper, 14 by 30 feet, with concrete tanks and 
shelves for aquaria, connected with the culture room; and an animal 
runway, 14 by 20 feet, connected with the animal room. The roof of 
the vivarium and animal runway is of corrugated glass painted white 
underneath, and there are high glass windows on the south (rear) side. 
Light from the vivarium and runway is diffused into the adjacent 
basement rooms (culture room, preparation room, animal room, and 
machinery room) through walls of glass blocks, set in lieu of brick be- 
tween the structural supports of the main south wall of the building. 
These inside rooms are thus as well lighted in daylight as if they had 
windows opening directly to the outside. 
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At the east end of the basement, the floor is dropped 24 inches so 
that the two class laboratories have ample head room below all over- 
head pipes and appear to be fully as satisfactory as the corresponding 
rooms upon the floor above. 


MAIN FLOOR 


On this floor are four undergraduate laboratories, two at each end, 
each for 24 students, a preparation room for each two laboratories, the 
auditorium, chart and model room, small museum preparation room, and 
combination lobby and display room or “museum.” The auditorium, 
with stepped floor, is provided with light-proof shades controlled by 
hand-operated mechanism, a large projection screen, which rolls down 
before the blackboard, and, at the rear, a projection chamber built into 
the museum preparation room. The auditorium is not a large one, 
having a seating capacity of 118, subject to some increase if neces- 
sary. Its proportions were improved and its seating capacity slightly 
increased by shifting the inside (north) wall out into the middle of 
the hall, leaving supporting columns between the south aisle and the 
seating area. The acoustic properties of the room have proven to be 
excellent. 

The lobby or “‘museum”’ is opposite to and of the same length as the 
auditorium. Since the partition walls between the two were shifted, 
as has been mentioned, to the middle of the hall space, there would, 
without further modification, have been left on the lobby side a half 
width of hall and a row of supporting columns in the line of the north 
side of the hall. Advantage of these conditions was taken by widening 
the faces of the supporting columns to 2 feet and extending false cross 
walls between them and a mid-way partition wall. Obviously there 
were thus formed three alcoves facing the lobby and these, treated 
architecturally with arched openings, low ceiling and overhead lighting, 
make both pleasing and useful additions to the museum space. The 
two end alcoves, make effective settings for vertical glass display cases— 
three in each of the end alcoves. The middle alcove is similarly arched, 
but provided with solid plate glass front, so that it offers space for an 
animal group display when it may be possible to arrange such a group. 
The entrance to this alcove is through a small door at the rear. Beyond 
the end columns are the arched passageways to the east and west halls 
and to the doors, set in short oblique walls, to open into the auditorium 
at each end (Text fig. 1 and Pl. 21, fig. 1). 

When one has entered the lobby by the front door, the alcoves are 
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before one, the high arched front windows and doorway behind. Against 
the side walls are wide vertical display cases; nearer the middle are two 
flat show cases, one on each side, and benches in the space between 
flat and wall cases. Along the front (north) are two running water 
aquaria of glass and stone and two vivaria for non-aquatic animals. 
This “museum” is intended merely to house such teaching exhibits 
as may be useful in the department’s educational program. Properly 
developed and without substantial expense, it should have both aes- 
thetic and significant instructional value. 


SECOND FLOOR 
Space on this floor is chiefly for advanced undergraduates, adminis- 
trative offices, library, and seminar room. At and toward the east 
end are two class laboratories, each for a section of 28 students, with 
associated preparation room, and a projection and quiz room. There 
are also on the north side two staff laboratories (chairman’s laboratory 
and one other) and a seminar room, 22 by 25 feet. On the south 
side, extending from the west end to one of the laboratories, there are, 
in order, departmental, secretary’s, and librarian’s offices, and the 
library, approximately 60 by 25 feet. Clear glass windows between 
the secretary’s office and the librarian’s office, and between the li- 
brarian’s office and the library, make it possible for either secretary or 
librarian to have an uninterrupted view of all that part of the library 
comprising study and reading tables and entrances to the stacks. In 
the library are 4 study tables, each accommodating 7 students, besides 
two circular reading tables surrounded by 3 or 4 lounging chairs. There 
are at present 1,510 feet of open shelf space, besides about 100 feet in a 
locked stock room for rare books and uncatalogued material and some 
60 feet of journal rack. 


THIRD FLOOR 


Most of the staff and graduate laboratories are on the third floor. 
The key feature of this floor is the shift of the east-west hall to the north 
of the middle line, leaving the middle space in the long axis of the build- 
ing for such rooms as do not require daylight, thus making the light 
of every window available for research and advanced study except as 
two windows are preémpted by rest-rooms. This idea was adapted 
from the plans of the laboratory of zoology of the University of Okla- 
homa, which were kindly loaned us for examination by the late Professor 
A. Richards. Three short cross halls are made necessary by this plan. 
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The central row comprises collection room, microtome and oven room 
with inset cold room, store room, balance room, common reagent room 
and photographic dark room. Light “borrowed” from the adjacent 
graduate laboratory through windows set high in the partition wall 
gives a fair degree of diffused light in the three rooms first mentioned 
so that during the daytime artificial light is not necessary for getting 
about within these rooms. 

On the outside are six staff laboratories, three of which have three 
windows each, a room for photographic exposures, a chemical laboratory 
with hood and fan, and three graduate laboratories. Each of the 
graduate laboratories is subdivided by low partitions into alcoves, most 
of which have a duplex equipment of work tables, shelves, and lockers 
to house comfortably two graduate students, or only one if the work of 
the student should require an unusual amount of space. Each graduate 
laboratory, according to size, is equipped with one or two large sinks 
and general service tables. These laboratories have respectively two, 
five, and seven alcoves. 

There is a spacious attic covering the whole building and available, 
except for the space occupied by the ventilator fans, for storage or special 
uses. 


GENERAL FEATURES 


All laboratories and other rooms where required are provided with 
outlets for hot and cold water, gas, air, and 110 v. A. C. electric cur- 
rent. D.C. and 220 v. A. C. currents are available in a few labora- 
tories. In addition to the outside phones in the offices, there are house 
phones on each floor and the necessary service buzzer system. An 
elevator could not be afforded, but an electrically operated dumb waiter 
runs to all floors and the attic. Forced draft ventilation is provided 
for the lecture room and library and for the inside rooms of the third 
floor. 

The building is of brick, concrete and steel fire-proof construction, 
with trim of Indiana limestone, having supports in the lengthwise 
partition, so that all cross partitions and lengthwise partitions between 
supports could be removed if interior remodeling should be necessary 
in any part. 

Plaster finish with Celotex ceiling is used in lobby, lecture rooms, 
hallways, library and seminar rooms. The offices have plastered walls 
and ceiling. Elsewhere the outside walls are of brick, painted white, 
cream, or light green. All inside and partition walls are of concrete 
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sand block with exposed faces buffed to remove excessive roughness and 
to obviate the tendency to surface crumbling reported to take place 
sometimes with the unbuffed blocks; these walls also are painted. The 
concrete block as well as the Celotex ceiling is found to have excellent 
sound absorbent qualities. Floors are covered with asphalt tile in 
appropriate color patterns. 

The architectural plans of the building were drawn by Atwood and 
Weeks, architects for the University. The arrangement of rooms, some 
details of design, and the plans for the fixed equipment and furniture 
were worked out by the staff of the laboratory during the year 1938- 
39, including Drs. C. D. Beers, D. P. Costello, W. L. Engels, R. L. 
Taylor, professor ad interim, and the writer. Later members of the 
staff, Drs. R. D. Boche and I. C. Kitchin, have played significant parts 
in working out such plans for equipment as could not be settled in ad- 
vance. The building was constructed as a P. W. A. project with the 
State contributing a little more than 50% of the cost of approximately 
$186,000.00. A grant of $18,000.00 made jointly by the General 
Education Board and the University from special funds, has- made it 
possible for the department to install a substantial amount of equipment 
in the form of microscopes and other apparatus. The architects’ 
plans embrace further extensions on each end to add about fifty per 
cent of the present space, should conditions at a later time make the 
enlargement necessary. 


University oF NortH CAROLINA, 
Cuapet Hitt, N. C. 
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ABOVE: COMBINATION LoBBYy AND DispLay Room 
BeLtow: THe Lisprary; Orrice oF LIBRARIAN AND LockEeb Srack-Room IN 
THE BACKGROUND 














PLATE 22 








ABOVE: VIVARIUM LOOKING TOWARD WALL SEPARATING VIVARIUM FROM 
ANIMAL Room 


Note walls of glass building block between vivarium and inside rooms 
BeELow: ONE OF THE STUDENT LABORATORIES 
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